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INTRODUCTION 
The use of inbred lines of corn (Zea mavs L.) for the 
production of hybrids became a widely accepted method since 
Jones (1918) proposed the use of single-crosses for the pro­
duction of double-cross hybrids. Maize breeders, however, 
have always faced the problem of how to identify rather than 
how to produce the best inbred lines that yield better in 
hybrid combinations. Initially, the most commonly used pro­
cedure was to test n(n-l)/2 combinations of n inbred lines, 
but this procedure became prohibitive as the number of avail­
able lines increased. Another approach was the use of a 
"common tester" to evaluate a set of inbred lines. 
Choice of the appropriate tester, however, remains a 
major topic of discussion in relation to inbred line evalua­
tion and population improvement. Choice of testers have in­
cluded* a broad genetic-base vs a narrow genetic-base, a 
high gene frequency vs a low gene frequency, general combining 
ability vs specific combining ability, and a related vs an 
unrelated. 
Breeders also face the dilemma of whether to test lines 
early or late during the inbreeding process of the lines. To 
some, inbred lines should be tested early during the inbreed­
ing process and retain the most promising ones for further 
experimentation. Others, however, argue that this process of 
early testing requires greater expense than if testing is done 
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at the end of the inbreeding process for those lines that 
survived artificial selection. 
In my study, I used 50 unselected and 50 unselected 
Sg lines derived from Iowa Stiff Stalk Synthetic (BSSS) 
variety of maize by ear to row . Each of the and 
Sg lines were crossed to four different related testers and 
with one unrelated tester. Thus, I had 500 testcrosses that 
were evaluated in five environments during 1976 and 1978. 
The objectives of my study were to: 
1. Determine if there were significant differences among 
S^ testcrosses, among Sg testcrosses, and between 
Sj^ vs Sg testcrosses; 
2. Compare the genetic variation among the different 
sets of testcrosses; 
3. Determine the relationship of inbred line performance 
among the different types of testers; and 
4. Compare the relation of testcross performance to 
line per sg performance. 
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LITERATURE REVIEW 
The development of inbred lines of corn for the produc­
tion of hybrids was proposed by Shull (1909), but it was not 
until Jones (1918) suggested the use of single crosses to 
produce double crosses that the corn breeders started large-
scale development of inbred lines. It became apparent that 
the evaluation of inbred lines in either hybrids or syn­
thetics was, and and still is, a more difficult problem than 
isolation of those lines. Hence, the need for the develop­
ment of procedures for the efficient evaluation of inbred 
lines became evident. 
From approximately 1920 to 1930, it was a customary pro­
cedure in corn breeding programs to make and test n(n-l)/2 
combinations of n lines (Matzinger, 1953). However, as the 
number of lines increased in breeder's program, this proce­
dure soon became prohibitive. Davis (1927), however, de­
veloped a new method for inbred line evaluation that reduced 
the number of crosses. He suggested the inbred-variety 
cross for the identification of high yielding lines. However, 
this method evidently received little attention until it was 
proposed by Jenkins and Brunson (1932). Jenkins and Brunson 
(1932) suggested that crosses of inbred lines with a commer­
cial variety could be used as a rapid method for preliminary 
testing of new lines, and, on the basis of performance in 
these crosses, 50^ of the lines could be discarded without 
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serious danger of losing valuable material. They presented 
data showing that the yields of the testcrosses were predic­
tive of the mean yields of the same lines when evaluated in 
a diallel series. 
Further support for the inbred-variety cross (topcross) 
was provided by Lindstrom (1931), Jenkins (1934), St. John 
(1934), Johnson and Hayes (1936), and Jugenheimer (1936); 
it was evident that a tremendous increase in efficiency in the 
selection of inbred lines for yield in crosses was thus pos­
sible because a large number of lines could be discarded on 
the basis of the first preliminary test. The remaining lines 
could subsequently be more adequately evaluated in single-
and double-cross combinations. 
Sprague and Tatum (1942) defined the concepts of general 
(GCA) and specific (SCA) combining ability as follows: 
The term "general combining ability" is used to desig­
nate the average performance of a line in hybrid com­
binations.... The term "specific combining ability" is 
used to designate those cases in which certain combina­
tions do relatively better or worse than would be ex­
pected on the basis of the average performance of the 
lines involved. 
Sprague and Tatum (1942) obtained estimates of GCA and 
SCA from six tests of single crosses involving previously 
tested lines. They found that the SCA effects were greater 
in single-cross trials involving previously selected parents, 
whereas general effects tended to be greater in previously 
untested material (Sprague, 1955); The findings of Sprague 
and Tatum (1942) were later confirmed by Federer and Sprague 
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(1947) and Rojas and Sprague (1952). Results from these 
studies indicated that the topcross test would be effective 
for the preliminary evaluation of lines on the basis of GCÀ, 
whereas the single-cross tests would be most satisfactory 
when the main purpose was to determine the best specific com­
binations. Thus, the concepts of GCA and SCÀ were originally 
developed, according to Sprague (1972), to provide information 
concerning the relative functions of topcross and single-
cross methods (testers) of inbred line evaluation in corn. 
In addition to the concepts of GCA and SCA, the concepts 
of broad genetic-base (open pollinated variety) versus narrow 
genetic-base (inbred line or single-cross), high gene fre­
quency versus low gene frequency, high yielding versus low 
yielding?, several versus one, etc., types of testers also 
have been considered when choosing the appropriate tester for 
inbred line evaluation or population improvement. 
Testers have been defined in different ways* Matzinger 
(1953) defined a "desirable tester" as one that combined 
simplicity in use with maximum information on performance. 
A "good tester" was defined by Rawlings and Thompson (1962) 
as one that classifies correctly relative to the performance 
of the lines and discriminates efficiently among the tested 
material. Allison and Curnow (1966) considered that the 
"best tester" is one that maximizes the expected mean yield 
of the synthetic variety produced by random mating the 
selected genotypes. Hallauer (1975) stated that the proper 
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choice of tester(s) is important because we want to maximize 
the information obtainable on the inbred lines being evalu­
ated, and summarized that a "suitable tester" should include 
simplicity in use, provide information that correctly classi­
fies relative merit of lines, and maximizes genetic gain. 
Broad genetic-base testers have commonly been used by 
breeders when selecting inbred lines for GCA; the main assump­
tion is that we will be testing and selecting lines with 
greater additive gene effects rather than nonadditive gene 
effects as assumed for the case of narrow genetic-base 
testers. Hence, selected lines from use of broad genetic-base 
testers will be expected to perform better than others because 
of their high GCA or additive gene action. 
Matzinger (1953) made comparisons of three types of 
testers in the evaluation of inbred lines of corn. His 
tester parents included two double crosses, their four single 
crosses, and their eight inbred lines. He estimated the 
various tester x line variance components for yield, stalk 
and root lodging, and grain moisture. For yield the estimates 
of the tester x line components of variance were 17.22, 11.90, 
and 6,46, for the inbred, single-, and double-cross testers, 
respectively. He concluded, therefore, that as the hetero­
zygosity or heterogeneity of the tester increased, the 
tester x line interaction decreased. Hence, if one were 
interested in attaining a high level of general performance 
before attempting an evaluation in specific combinations, the 
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inbred or single-cross testers would be less efficient than 
thé double or any other broad genetic-base tester. 
Lonnquist and Rumbaugh (1958) evaluated the relative 
merits of a broad and a narrow genetic-base tester in 
evaluating inbred lines of corn for subsequent use in syn­
thetic varieties. Their results supported the use of the 
broad genetic-base tester for selecting lines with high GCA 
first, which was followed by a test for SCA among the selected 
group of lines based on GCA. 
Sprague and Federer (1951) and Rojas and Sprague (1952) 
found that as the heterogeneity of the material increased, 
the interactions with environment decreased. This was later 
confirmed by Eberhart and Russell (1969) and Wright et al. 
(1971). Therefore, if we assume that inbred lines are 
homogeneous, or highly homozygous genotypes in some cases, 
this implies that the testcrosses with narrow genetic-base 
testers will show high genotype by environment interaction 
(G X E). Hence, upward bias of genetic variance will be 
obtained, unless a sufficient number of environments were 
sampled. 
The advantages of using a broad genetic-base tester are* 
(a) they present less bias due to line by tester interaction, 
and (b) less bias due to tester x environment interaction. 
Broad genetic-base testers, however, present a disadvantage 
that most narrow genetic-base testers do not possess, i.e., 
the sampling of gametes of a heterogeneous tester. 
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St. John (1934) reported yield of 51 topcrosses made 
reciprocally. The average yield of all crosses where the 
variety functioned as the seed parent exceeded significantly 
that of their reciprocal (inbred x variety) by 2.46 ± 0.29 q, 
Sprague (1939) addressed the problem of sampling hetero­
geneous testers with respect to number of plants. From his 
experiment he found that 10 plants would probably form an 
adequate sample for the majority of the experiments. 
Salazar and Lonnquist (1963) studied the effect of pollen 
samples collected from early and late flowering plants from 
varietal testers in crosses to four inbred lines differing in 
maturity. They found that for all characters studied there 
was an increase in value as the pollen sample used varied 
from the early to the late segment of the range in flowering 
of the tester parent. Therefore, they emphasized the impor­
tance of using differential planting dates of the tester 
parent to provide comparable tester sampling for lines being 
topcrossed. 
Breeders also have compared the effectiveness of using 
related versus unrelated testers in the selection of inbred 
lines of corn. Keller (1949) evaluated a group of 98 in­
dividual F2 plants of corn for several traits by using a re­
lated (original) and an unrelated single-cross tester. He 
found that the two testers gave similar measures of varia­
bility for yield and stalk lodging, but unlike estimates for 
stand, ear height, grain moisture, and root lodging. Differ­
9 
ences were small in all instances. Keller's (1949) data 
indicated that the two testers did not yield similar measures 
of combining ability as regarded by the different ranking 
of the lines. This was attributed largely to differences in 
specific combining ability. From his data, Keller (1949) 
was unable to determine which one of the two testers was the 
best for evaluating lines. 
Singh (1958) used seven related and three unrelated 
testers to estimate relative GCA for yield, maturity, and 
stalk lodging resistance of 20 Sg lines. He found that for 
all traits the correlation coefficients between the average 
of all related and unrelated testers were high and significant. 
Hence, either type of testers, as a group, was reliable to 
attain the objective for determining the relative GCA of the 
Sg lines. 
It has been proposed that more than one tester should be 
used regardless of whether a broad or narrow genetic base 
or related or unrelated type of testers were used for the 
selection of lines with high GCA values. This will permit 
comparisons of (a) their ability to rank the lines similarly 
and (b) their within tester x line variances (Keller, 1949). 
Federer and Sprague (1947) evaluated the error, tester x 
line interaction, and line components of variance in a series 
of topcross experiments. From their results, they concluded 
that for a fixed number of plots the greatest gain in total 
combining ability can be expected from an increase in number 
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of testers, followed in order by an increase in lines with 
an increase in number of replications being least efficient. 
Their conclusions were supported by Singh (1958) and 
especially by Keller (1949) who found from similar experi­
ments that the gain in average combining ability beyond the 
use of 8 to 10 inbred line testers was very slight. 
Perhaps one of the most discussed topics in the choice 
of testers for inbred line evaluation has been the one rele­
vant to the frequency and level of dominance of favorable 
alleles in the tester. Hull (1947) suggested that the best 
yielding lines in commercial use are worthless as testers. 
He postulated that the masking effects of the dominant de­
sirable alleles render them ineffective. Hull (1947) the­
orized that the most efficient tester would be one that was 
homozygous recessive at all loci. His hypothesis was based 
on the constant parent method of regression, where the per­
formance of the hybrids was regressed on the performance of 
the variable parents for a particular constant parent. The 
regression coefficient was largest when the gene frequency 
of the character of the constant parent (tester) was zero. 
Thus, a strong positive regression would be desirable since 
this would provide a greater range among the variable parents 
(lines). 
Green (1948) compared U.S. 35, a high yielding, lodging 
resistant, double-cross hybrid, and Black Yellow Dent, a 
low yielding, lodging susceptible, open pollinated variety. 
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as testers in topcross evaluation of Fg plants. He found 
that the low yielding tester provided greater opportunity for 
selection among the segregants than did the high yielding 
parent in the measurement of resistance to both root and 
stalk lodging. 
Russell (1961) used five testers (2 inbreds, 2 single 
crosses, and 1 double cross), which ranged from susceptible, 
highly resistant, and intermediate resistant to Diplodia 
stalk rot and stalk lodging, to evaluate 35 highly inbred 
lines which ranged from susceptible to resistant for Diplodia 
stalk rot. He found highly significant differences for 
testers, inbred lines, and inbred x tester interaction. The 
significant inbred x tester interaction indicated the testers 
ranked the inbred differently in their ability to transmit 
stalk strength to hybrids. His results agreed with Hull's 
hypothesis that the highly resistant tester revealed the 
smallest line difference while the susceptible tester re­
vealed the greatest line difference. He concluded that using 
testcross stalk rot ratings appeared to be of no value as a 
preliminary screening of new inbred lines for stalk strength. 
Rather, he recommended to continue selection within and among 
new inbred lines for stalk rot resistance using artificial 
inoculation as an aid. Similar conclusions had been pre­
viously reported by Astralaga (1956). 
Theoretically, it has been shown that a greater range 
among testcross progeny will be observed when the frequency 
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of a favorable allele at a locus is zero in the tester. 
Rawlings and Thompson (1962) examined the effect of tester 
gene frequency on the genetic variance among testcross progeny, 
assuming no epistasis in their model; present evidence in 
corn indicates that this assumption will not seriously bias 
the results. Using the notation of Comstock and Robinson 
(1948), they illustrated that the total genetic variance among 
testcross progeny for one locus and for a particular tester 
can be shown to be equal to 
h q^d-q^) (l+F)[l+(l-2rj^)a^]^u^^ , 
where: 
tYi q^ = average gene frequency at the i locus of the 
material under test; 
r^ = average gene frequency at the i^^ locus of the 
material used as a tester; 
u^ = half the difference between the two homozygotes 
at the i^^ locus; 
~ difference between the heterozygotes and the aver­
age of the two homozygotes, where a^^ is a measure 
of the degree of dominance at the i^^ locus; and 
F = coefficient of inbreeding of the material under 
test. 
From the above expression, the total genetic variance of test-
cross progeny is independent of tester gene frequency only 
when dominance is zero at all loci. Rawlings and Thonçjson 
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(1962) realized that q^, a^, and F are always positive 
and constant for a particular set of material being tested; 
hence, the above expression reduces to [l+(l-2a^)u^]^. 
They presented Fig. 1 to get a better interpretation of 
results. 
From Fig. 1 they show that if there is no dominance, 
genetic variance among testcrosses is equal for all tester 
gene frequencies. If the tester gene frequency is r = 0.5, 
genetic variance among testcrosses is equal for all levels of 
dominance. Except for no dominance, genetic variation among 
testcrosses for tester gene frequency of r = 0.0 will always 
be greater than any other level of dominance and gene fre­
quency of the tester. Hence, the poorer the tester (i.e., 
the lower the frequency of favorable alleles) the greater 
would be its power in discriminating among the material 
tested. 
Rawlings and Thompson (1962) studied the relative worth 
of "high" versus "low" performing testers and found that the 
"low" testers had higher sensitivities and greater variance 
among their testcross progenies than those with "high" 
testers. They concluded that in all instances the trend of 
the data favored the low performing tester. The ideal tester, 
therefore, should be homozygous recessive at all loci, but 
that the parental population used as a tester should always 
result in some improvement of the mean performance. 
Lonnquist and Lindsey (1970) topcrossed 348 lines to 
Fig. 1. Relation of total genetic variance to tester 
gene frequency (r), and level of dominance 
(from Rawlings and Thompson, 1962) 
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a high- and low-yielding broad genetic-base tester. Based 
upon the topcross performance, a high- and a low-yielding 
group of lines were evaluated in crosses with four elite 
lines as testers. For testcross trials of the four inbred 
lines, the difference (H-L) averaged greater for lines 
selected originally on the basis of the low yielding tester. 
Furthermore, lines selected as high yielding on the basis of 
crosses with the low tester averaged 5% greater yielding 
in testcrosses with the elite lines than those selected 
high on the basis of topcross performance with the high 
tester. Their data supported use of low yielding testers for 
inbred line evaluation. 
Evidence against Hull's (1947) hypothesis, however, was 
presented by Keller (1949). He found that high and low 
combining lines were, on the average, of equal value as 
testers when the arithmetic mean of the estimated variance 
components (S^,p) was calculated. 
Choice of the appropriate tester also has been considered 
for the improvement of populations by cyclical selection. 
The results that are going to be presented in this study do 
not directly compare the effectiveness of different testers 
in population improvement. However, they will provide some 
insights on the possible tester that could be used for that 
purpose because type of gene action is interrelated with both 
population improvement and inbred line evaluation when using 
some type of tester(s). Therefore, I will next present some 
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literature pertinent to the choice of tester in population 
improvement. 
Choice of Tester in Population Improvement 
On the premise that overdominance should occur at an 
appreciable proportion of loci concerned with vigor and yield, 
Hull (1945) proposed a method which utilizes an inbred line 
as a tester for the improvement of a population and develop­
ment of high yielding hybrids. The method is usually known 
as recurrent selection for specific combining ability. Corn 
breeders, however, have hesitated in using this method because 
the lines derived from the population under selection might 
have little value in crosses not involving the tester 
(Hallauer, 1975). 
Allison and Curnow (1966) presented theoretical considera­
tions for the choice of testers in the improvement of breeding 
populations. From their theoretical derivation, they agreed 
with Rawlings and Thompson (1962) in that the best tester 
should be one that is homozygous recessive at all loci. 
They realized that in practice the gene frequency and the 
amount and direction of dominance in the tester will be un­
known. Therefore, they suggested the use of the parental 
variety as the best choice of tester. Use of other varieties 
as testers may not be desirable because the other variety 
may have contrasting gene frequencies. They also proposed 
selecting for a low-yield tester within the parental variety. 
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but emphasized, however, that any low yielding variety would 
not be a good tester unless its low yield happened to be due 
to the high frequency of recessive alleles at the same loci 
in the variety under selection. 
Results from two recurrent selection programs in maize 
(Darrah et al., 1972; Horner et al., 1973) have shown that the 
genetic variance among testcross families was approximately 
twice as large for an inbred tester as for the population 
used as a tester. Hence, gain from selection would be greater 
with use of an inbred tester although the genotype x environ­
ment interaction could be expected to be slightly larger for 
the inbred testcrosses than for the population topcross. 
Studies by Horner et al. (1973) and Russell et al. (1973) 
also showed that the method proposed by Hull (1945), recurrent 
selection for SCA using an inbred line as a tester, resulted 
in improvement of the population when evaluated in crosses 
with other testers. Their results agreed with those of 
Russell and Eberhart (1975) and Horner et al. (1976), which 
showed that inbred lines were effective in selecting genes 
with additive effects, and that nonadditive gene action, other 
than partial to complete dominance, was relatively unimportant. 
Thus, Russell and Eberhart (1975) proposed the use of an 
inbred tester for reciprocal recurrent selection. The inbred 
lines would be derived from previous cycles of selection and 
used as testers for the interpopulation crosses instead of 
the populations themselves. 
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Recent results of Sprague and Eberhart (1977) and 
Walejko and Russell (1977) are in further support of inbred 
lines as testers in recurrent selection programs. They sug­
gested that as the selection program progresses, the lines 
used as testers could be replaced by better line(s) with no 
deleterious results relative to population improvement, be­
cause no selection pressure can be applied at loci where the 
tester is fixed for the favorable allele. 
Comstock (1977), on the other hand, has presented theo­
retical arguments against the new procedure proposed by 
Russell and Eberhart (1975). He concluded that there was no 
reason to expect better results using the inbred tester in­
stead of the populations as originally proposed by Comstock 
et al. (1949). Field data, however, have been consistent 
with the additive gene model, including selection with a 
fixed inbred line as a tester. Inbred line testers seem to 
be effective in combination with unrelated elite lines other 
than the fixed tester. 
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MATERIALS AND METHODS 
Plant Materials 
The reference population for my study was 'Iowa Stiff 
Stalk Synthetic* (BSSS) variety. The genetic materials evalu­
ated were 500 testcrosses that were made from crosses of five 
different testers with an unselected sample of 50 S^^ and 50 
S g lines. The sample of 50 lines were from a group of 250 S^ 
and 247 Sg lines that were developed from BSSS by ear to row. 
In 1961-1962, 250 random unselected SQ plants were self-
pollinated within BSSS, The 250 S^^ lines were planted ear to 
row in lO-plant plots. In each row three consecutive plants 
were self-pollinated, starting with the second plant from the 
end of the plot to minimize selection within each row. At har­
vest, the middle ear of the three pollinated plants was saved 
to propagate the line to the next generation. The Sg seed 
produced in 1962 was planted in 1963 to obtain the Sg genera­
tion; this process was repeated with continuous selfing until 
the lines were nearly homozygous (Sg lines). During the ad­
vanced stages of inbreeding two lines were lost; one by male 
sterility and the second by seed inviability. A third line 
was discarded due to lack of sufficient seed for experimenta­
tion. Obilana (1972) and Obilana and Hallauer (1974) re­
ported on the 247 unselected inbred lines at the S^ level. 
During 1974-1975, 50 unselected S^ lines and 50 
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unselected Sg lines were chosen at random from the larger 
group of 250 and 247 and Sg lines, respectively, to cross 
with five selected testers; four testers were related to the 
lines under test and one was unrelated to BSSS. The Sg lines 
were, in each instance, descendents of the 50 randomly 
chosen S^ lines. 
Tester #1 was the source population from which the inbred 
lines used in this study were developed, i.e., BSSSCO. 
Tester #2 was the improved BSSS population after seven 
cycles of half-sib selection and one cycle of S^^ selection; 
it was named BS13(S)C1. 
Tester #3 was the lowest yielding S^ line developed from 
BSSS, and was identified as BSSSCO-222 (Obilana, 1972). 
Tester #4 was a high yielding inbred line that is used 
extensively in commercial hybrids at the present time. It 
was developed from BSSS after five cycles of half-sib recur­
rent selection (BS13(HS)C5), and it is known as B73. 
Tester #5 was an unrelated inbred line that also is used 
extensively in commercial hybrids. It was developed by pedi­
gree selection from 187-2 x C103 at Columbia, Missouri, and it 
is known as Mol7. The single cross of B73 x Mol7 is one of 
the most widely grown hybrids in the United States at the 
present time. 
The genetic materials used in my study, therefore, in­
cluded 250 Sj^ testcrosses (50 S^ lines crossed with the five 
testers), and 250 Sg testcrosses (50 Sg lines crossed with the 
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five testers) for a total of 500 testcrosses (or entries). 
Fig. 2 shows a diagram that represents how the 500 test-
crosses were obtained. 
Experimental Techniques 
The 500 testcrosses produced in 1974 and 1975 were 
evaluated in five experiments conducted in 1976 and 1978 
(Ames Agronomy Farm 1976 and 1978, Ames Atomic Energy Farm 
1978, Ankeny 1976, and Martinsburg 1978). Experimental 
material also was grown in 1977 at Ames Agronomy Farm and 
Ankeny, but those experiments are not included in this study. 
The 1977 data were not included because of the extreme drought 
conditions that prevailed during the 1977 growing season. 
Very little grain was produced at either location in 1977. 
The experimental material was divided into 10 sets each 
containing testcrosses of five and five Sg lines (derived 
from the same lines) with the five testers; hence, each set 
included 50 testcrosses (Fig. 3). Testcrosses were always 
consistent in all the sets for each experiment, and they were 
assigned at random within sets in each of the two replications 
included in each experiment (environment). Each of the two 
replications of each set in each environment included 50 
single-row plots. Each plot was overplanted and thinned in 
the 8- to lO-leaf stage to a maximum of 17 plants per plot in 
all the experiments except the Ames Atomic Energy Farm 1978, 
which was thinned to a maximum of 16 plants per plot. In all 
Fig, 2. Diagram representing the development of the 500 
testcrosses used in this study 
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plots missing hills were compensated to attain the maximum 
number of plants specified for each experiment. The rows 
were spaced 76.2 cm apart in all experiments except Martins-
burg 1978; rows were spaced 96.5 cm apart at Martinsburg. 
The hills within the rows were spaced 25 cm apart in all 
experiments. 
The following data were collected in each plot for all 
environmentsI stand, root and stalk lodging, dropped ears, 
yield, and grain moisture. Silking date data were collected 
at Ames Agronomy Farm 1976 and 1978 and Ames Atomic Energy 
Farm 1978. 
Stand; Total number of plants were counted for each 
plot. Stand counts were converted to plants per hectare by 
multiplying by the conversion factor of 38.70 for Ames Agrono­
my Farm 1976, 1978, and Ankeny 1976; 34.83 for Ames Atomic 
Energy Farm 1978; and 46.62 for Martinsburg 1978. 
Silking date: The date 50% of the plants in a plot were 
showing exposed silks was recorded on a tag. The number of 
days to 50% silking was the period of days from July 1. 
Silking date data were recorded for all experiments except 
Ankeny 1976 and Martinsburg 1978. 
Percent root and stalk lodgingt The total number of 
plants that were visually more than 30° inclined from vertical 
(root lodged), and those that were broken below the ear 
(stalk lodged) was recorded for each plot. The root and stalk 
lodging counts were divided by the total number of plants per 
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plot and expressed as percentages. 
Percent dropped ears* The total number of dropped ears 
was counted for each plot. The number of dropped ears was 
divided by the total number of plants per plot and expressed 
as percentages. 
Yield I Ears were harvested from all the plants in each 
plot. Harvested ears were processed through a Massey Ferguson 
205 combine for shelling. Total plot shelled grain yield 
for each plot was determined by use of a weigh bar weighing 
mechanism on the combine. Grain moisture was determined by 
use of a portable moisture tester on the combine. Grain 
yield was adjusted for stand and moisture at 15.5% and ex­
pressed as quintals/hectare (q/ha). The conversion factors 
used to obtain q/ha for each experiment were the following* 
for Ames Agronomy Farm 1976, 1978, and Ankeny 1976, the con­
version factor was 11.71; for Ames Atomic Energy Farm 1978 
the conversion factor was 13.02; and for Martinsburg 1978 
the conversion factor was 9.72. 
Moisture* Immediately after the total plot shelled 
yield was recorded a sample of about 200 gm of grain was used 
to get a meter reading of grain moisture by using an elec­
tronic moisture meter device. 
Statistical Analysis 
My experiments included 500 entries that were evaluated 
in five environments in two different years (Ames Agronomy 
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Farm 1976, 1978, Ames Atomic Energy Farm, 1978, Ankeny 1976, 
and Martinsburg 1978). The field design at each of the five 
environments vas a randomized incomplete block design, repli­
cated twice. The 500 entries were partitioned into 10 sets 
of 50 entries. Each set included the same entries in each 
experiment. Randomizations were conducted for the assignment 
of entries to each replication in each set. Each experiment, 
therefore, included 1,000 single-row plots. 
Analyses of variance and covariance 
Analyses of variance were performed for each of the 
traits when the 10 sets were pooled in each environment. The 
linear model used for each trait was the followingi 
^ijk = u + S. + R.j + G.^ + e.jk 
where 
= observation of k^^ entry of replication 
nested in i^^ set; 
u = overall mean; 
= effect of i^^ set, i = 1,2,3,...,10; 
R. . = effect of replication nested in i^^ set, 
^ J 
j  =  1 , 2 ;  
®ik " Gffect of k^^ entry nested in i^^ set, 
k ® 1,2,3,...,50; 
e^j^ = error term; and 
.v NID (0,Gg), and 
~ NID (0,cr2) . 
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I partitioned the entry sum of squares (SS) into SS among 
testcrosses and among SQ testcrosses. These SS of the 
testcrosses for the two levels of inbreeding were further 
subdivided into SS among S^^ lines, testers, and S^ lines x 
testers, and Sg lines, testers, and SQ lines x testers, re­
spectively. Thus, the linear model that included the sub­
class levels was the followingt 
?l:kl = u + Si + R.j + L.^ + * (TS)ii 4. (LT).^^ 
®ijkl • 
where 
= observation of 1*^^ tester crossed with the 
line in the replication nested in the i^^ set; 
u = overall mean; 
S^ = effect of i^^ set, i = 1,2,3,...,10; 
j = effect of replication nested in the i^^ 
set; j = 1,2; 
= effect of k^^ S^ or SQ line nested in the i^^ 
s©t$ X — # * *5) 
Tj^ = effect of 1^^ tester, 1 = 1,2,...,5; 
TS^^ = interaction effect of 1^^ tester with i^^ set; 
LT^^^ = interaction effect of k^^ line with 1^^ tester 
nested in the i^^ set; and 
®ijkl ~ error term. 
The analysis of variance for the two linear models is 
shown in Table 1. Estimates of cT^ were obtained by pooling 
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Table 1. Components of analysis of variance for 10 sets 
pooled in one environment 
Source of ^ Mean 
variation d.f* square Expected mean square 
Sets (S) 9 
Replieations/S 10 
Entries/S (G/s) 490 M,, + 2a^ 
S J. vs Sg testcrosses/S 
(GjGe/S) 10 
13 " " '"G/S 
2 . 0-2 
testcrosses/S (G^/S) 240 + 2a^ yg 
Sj^ lines/S (L^S) 40 Mj^q + 2af^ /g 
<9 lOOK? Tester (T) 4 Mq + 2a? • 
T X S 36 M 8 + ^^L^G/S * TS 
\ X T/S 160 + 20^ ^ yg 
S g testcrosses/S (Gg/S) 240 Mg + 2crQ^g 
Sg lines/S (Lg/S) 40 Mg + 20^ /g 
8' 
Tester (T) 4 M^ + 2*1 T/S + 100^^ 
B 
T X s 36 M, ,2 + Z'lgT/S + 
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Table 1. (Continued) 
Source of 
variation 
Mean 
d.f. square Expected mean square 
Lg X T/S 160 Mg 
^^LQT/S 
Pooled error 490 M a 2 1 
error sum of squares for the 10 sets. Entries and lines were 
treated as random effects while testers and sets were treated 
as fixed effects. 
F tests of significance for all sources of variation 
from Table 1 were performed as followsi Pooled error was 
the common error to test Mg, Mg, Mg, ^lO' ^ 11' ^ 12* ^^d 
^13* ^2 the common error mean square to test Mg and 
while was the common error to test Mg and Mg, 
Data for each trait from the 1976 and 1978 experiments 
were combined over environments (locations) and analyzed for 
one set and for the 10 sets pooled for each environment. The 
linear models for one set combined across environments and for 
the 10 sets pooled for each environment and combined across 
environments will be described. 
A. For one set across environments: 
" + Ei + R.j + G% + (GE)i% * eijx I and 
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^ijkl = u + Ei + Rij + + (LE)%i + (TE)ii + 
(LT)kl + 
where 
Y . =  o b s e r v a t i o n  o f  e n t r y  i n  r e p l i c a t i o n  n e s t e d  
th in the i environment} 
= observation of tester crossed to k^^ line in 
the replication nested at the i^^ environment ; 
u = overall means 
Ej^ = effect of i^^ environment, i = 1,2,.,.,5; 
R^j = effect of replication nested in the i^^ 
environment, u = 1,2; 
Gjç = effect of k^^ entry, i = 1,2,...,50; 
GEik = interaction effect of the k^^ entry with the i^^ 
environment; 
Lj^ = effect of the k^^ or Sg line, k = 1,2,...,5; 
= effect of the 1^^ tester, 1 = 1,2,...,5; 
LEki = interaction effect of the k^^ or Sg line with 
the i^^ environment; 
TE^^ = interaction effect of the 1^^ tester with the i^^ 
environment; 
= interaction effect of the k^*^ or Sg line with 
the 1^^ tester; 
LTEkii = interaction effect of the k^^ or Sg line with 
the 1^^ tester with the i^^ environment; and 
'ijk ° error term. 
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® k ~  NID (O.o^) 
Ej^ ~ NIK (O.a^) 
^ k ~  NID (O.af) 
ijk " NID (0,o2) 
B. For the 10 sets, pooled within each environment and 
analyzed across environments* 
*ijkl = u + Ej + Sj + (ES)^j + Rijk + Gj^ + (GE)jii + 
and 
Yijkim = U + + Sj + (ES)^ j + Rijk + ^ jl + I'm * 
(TS'mj *  ^<TE)„1 + (LTE) + e.jkin • 
Where: 
^ijkl ~ observation of 1^^ entry in the replication 
nested in the set in the i^^ environment; 
Y. „ = observation of m^^ tester crossed to 1^^ line 1 jklm 
in the k^^ replication nested in the set in 
the i^^ environment; 
u = overall mean; 
Ej^ = effect of i^^ environment, i = 1,2,...,5; 
Sj = effect of set, j = 1,2,...,10; 
ES^j = interaction effect of i^^ environment with 
set; 
= effect of k*^^ replication nested in the j^^set 
for the i^^ environment, k = 1,2; 
G= effect of 1^^ entry nested in set. 
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1 = 1,2,...,50; 
GEj^^ = interaction effect of eijtry with i^^ 
environment nested in the set; 
Lj^ = effect of or Sg line nested in the 
set, 1 ~ 1,2,...,5; 
th 
= effect of m tester, m = 1,2,..,,5; 
TS^j = interaction effect of m*"^ tester with set; 
LEjii ~ interaction effect of 1^^ or Sg line with i^^ 
environment nested in the set; 
TE . = interaction effcct of tester with i^^ 
mi 
environment; 
LTEjimi = interaction effect of 1^^ or Sg line with 
m^^ tester with i^^ environment nested in the 
set ; and 
®ijkl ~ Gfror term . 
The combined analysis of variance associated with the 
models for one set is shown in Table 2. Estimates of were 
obtained by pooling error sums of squares for all the environ­
ments. Entries, lines, and environments were treated as random 
effects, and testers were treated as fixed effects. 
The common error mean squares used to perform the F test 
of significance for the different sources of variation from 
Table 2 were as follows* 
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Table 2. Components of analysis of variance for one set com­
bined across environments 
Source of 
variation 
Mean 
d.f. square Expected mean square 
Environments (E) 
Replications/E 
Entries (G) 
vs S g testcrosses 
(G^Gg) 
4 
5 
49 M, 21 
M 20 
0^ + + 109& 
' '"'log 
testcrosses (G^) 24 + 2ap „ + lOap 
®i® ®1 
Slines (L^) 
Tester (T) 
4 M 18 
4 M 17 
+ lOa? „ + 50a? 
LiE 
X T 16 M 16 
SQ testcrosses (G^) 24 + 20r * + lOo^ 
Sg lines (Lg) 4 M 14 + lOa? „ + 50<j? 
^8® ^8 
Tester (T) 4 M 13 * Z^LgTE * 10»^ + 504 
Lj X T 16 M 12 
G X E 196 M 11 * Z'OE 
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Table 2. (Continued) 
Source of Mean 
variation d.f. square Expected mean square 
G ^ G g X E  "  « 1 0  
Gi X E 96 Mg 
X E 16 Mg + lOa^ g 
T X E 16 M? 0= + 2»2^TE * K^TE 
X T X E 64 Mg + 20^ „j, 
Gg X E 96 Mg f 2o| 
o 
Lg X E 15 M4 cr^ + xoal 
8 
T X E 16 M3 + 2<,l * lOo^j, 
o 
Lg X T X E 64 M; 0^ + 20^ 
8 
Pooled error 245 
37 
Common error 
mean square Mean square tested 
M 1 M2» ^4* Mg, Mg, Mg, Mg, M^Q, 
All the F tests were performed with their proper degrees of 
freedom. Whenever an interaction mean square was not signifi­
cant, I pooled the mean square with the pooled error to test 
the corresponding main effects. 
Table 3 shows the combined analysis of variance associ­
ated with the models for the 10 sets pooled within environ-
ments and combined across environments for each trait, a was 
obtained by pooling error sums of squares from each set at 
each environment. Entries, lines, and environments were 
treated as random effects and testers and sets as fixed 
effects. 
From Table 3 the following common error variances were 
used to make F tests of significance for the different 
Table 3. Components of analysis of variance for 10 sets pooled and combined 
across environments 
Source of 
variation 
Mean 
d.f. square Expected mean square 
Environments (E) 
Sets (S) 
£ X S 
Replications/E,S 
Entries/S (G/S) 
S^ vs Sg testcrosses/S 
(G^Gg/S) 
4 
9 
36 
50 
490 M 
10 M 
25 
24 + 20^ GJ^GQE/S ^ ^°^G^Gg/S 
S^ testcrosses/S (G^/S) 240 M 23 2a|^E/s * 
S^ lines/S (Lj/S) 40 M 22 
Tester (T) 
T X S 
M 21 
36 M 20 
+ 500K„ 
® "*• ^®Lj^TE/S ^®^TES •*• ^^'^L^T/S ^^^^TS 
Table 3. (Continued) 
Source of 
variation 
Mean 
d. f. square 
X T/S 160 M 19 
Sg testcrosses/S (Gg/S) 240 M^g 
Sg lines/S (Lg/S) .40 M 17 
Tester (T) 4 M 16 
T X S 36 M. 15 
Lg X T/S 160 M 14 
G X E/S 1960 M 13 
G^Gg X E/S 40 M 12 
X E/S 960 M 11 
Expected mean square 
. 2a? • 
^L^TE/S * ^°^L^T/S 
^ ^ 'GgE/S + 
" * ^"tgTE/S * * ^""LgT/S * 5®®*^ U 
VO 
^ ^^LgTE/S ^^'^TES * ^°^LQT/S ^°^TS 
^ ^^LgTE/S + ^°*^LgT/S 
+ 2®GE/S 
+ 2*GE/S 
+ 2*GiE/S 
Table 3. (Continued) 
Source of 
variation 
Mean 
d.f. square Expected mean square 
X E/S 
T X E 
160 M 10 ^ * ^ °®L^E/S 
16 Mo + 2a? • ^L^TE/S "*• 1°°*TE 
T X E X S 
X T X E/S 
GQ X E/S 
Lg X E/S 
T X E 
T X E X S 
144 M 
640 M-
960 M, 
160 Me 
16 M^ 
144 M. 
8 ^ ^^L^TE/S ^°^TES 
* 2af^TE/s 
+ 2^GgE/S 
* lO'LgE/S 
° * ^®LgTE/S * ^""TES 
o 
Lg X T X E/S 
Pooled error 
640 M, 
2450 M, 
a + 2a LgTE/S 
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sources of variations 
Common error 
mean square Mean squares tested 
«1 «2» M5, «6' 
«2 M3 » «14 
«5 «17 
«6 «18 
«7 Mg. Mg, «19 
«10 «22 
«11 «23 
«12 «24 
«13 «25 
All Of the F tests with their proper degrees of freedom 
were conducted to test if different from zero. When testing 
main effects, I pooled the sum of squares of the interactions 
that were not significant with the pooled error. F tests for 
the mean squares MgQ, and were performed using 
the method of Cochran and Cox (1957). The appropriate degrees 
of freedom associated for these F tests were computed using 
the method developed by Satterthwaite (1946). 
Total entries sums of squares from the 10 sets pooled 
and combined across environments were partitioned into sum of 
squares among the five different types of testcrosses made 
with the and Sg lines. Table 4 shows the combined 
analysis of variance associated with this partition of entries 
sums of squares. From Table 4 all main effects were tested 
Table 4, Form of the analysis of variance for 10 sets pooled and combined 
across five environments 
Source of Mean 
variation d.f. square Expected mean square 
Environments (E) 4 
Sets (S) 9 
E X S 36 
Replications/S,E 50 
Entries/S (G/S) 490 + lOo^/g 
S^ vs Sg testcrosses/S 
(GiG/SL 240 M44 «2 4. 
S^ testcrosses/S (G^/S) 240 <3^ + ZCg g/g + lO(j| yg 
Testcrossea 1/S (G^T/S) 40 * ^«G^T^E/S * 
Testcrosses 2/S (G^T/S) 40 + ZsI ^T^E/S + 1°»G^T/S 
Testcrosses 3/S (G^T^S) 40 + Zo^^TgE/S ^^'^G T3/S 
Testcrosses 4/s (G^T^/s) 40 M39 + lOa^^^^/g 
Table 4. (Continued) 
Source of Mean 
variation d.f. square 
Testcrosses 5/S (G^Tg/S) 40 M^g 
G^Ti vs G^Tg/S (Gj^T^^Tg/S) 10 M37 
G^Tg vs G^T^/S (G^T^Tys) 10 Mgg 
G^T^ vs Gj^Tg/S (G^T^Tg/S) 10 M35 
G^T^ + G^Tg vs 
G1T3 + G^T^/S (G^T^-T^/S) 10 M34 
Sg testcrosses/S (Gg/S) 240 M33 
Testcrosses 1/S (GgT^/S) 40 M32 
Testcrosses 2/S (GgTg/S) 40 
Testcrosses 3/S (GgTj/S) 40 M3Q 
Testcrosses 4/S (GgT^S) 40 Mgg 
Expected mean square 
® ^^G^TgE/S ^°^G^Tg/S 
a + + 10«^g^T^T2/S 
a + ^('G^T^TgE/S ^°^G^T3TyS 
^ ^'^G^T^TgE/S * ^ °®Gj^T^Tg/S 
a + ZOG^T^-T^E/S ^°^G]^T^-TyS 
+ ^('GgE/S + ^O^Gg/S 
^ ^^GgT^E/S ^^'^G^Tj^/S 
^ ^^GgTgE/S ^^^GgTg/S 
^ ^^GgT3E/S ^°^GgT3/S 
^ ^(^GgT^E/S * ^°^GgTys 
Table 4. (Continued) 
Source of Mean 
variation d.f. square 
Testcrosses 5/S (GgT^/S) 40 M2g 
GgTi VS GgT/S (GgT^T/S) 10 
GgTg VS GgT/S (GgTgT/S) 10 
GgT^ VS GgTg/S (GgT^Tg/S) 10 
Ge^i + GgTg VS 
GgTg + GgTyS (GqT^-T^/S) 10 M 24 
G X E/S 1960 Mgg 
G^Gg X E/S 40 M22 
Gj^ X E/S 960 Mgi 
G^T^ X E/S 160 Mgo 
G^Tg X E/S 160 
E3q>ected mean square 
^ * ^^GgTgE/S ^^^GgTg/S 
^ ^^GgT^TgE/S ^^^GgT^Tg/S 
® "*• ^^ GgTgT^ E/S "*• ^^ ^^ GgTjT^ /S 
"*• ^^ GgT^ TgE/S + (^^ GgT^ Tg/S 
^^GgTj^-T^E/S •*• ^°^GgT^-Tys 
+ 2*GE/S 
® * ^^G^GgE/S 
+ ^(^G^E/S 
•*• ZCG^TiE/S 
^ ^^G^TgE/S 
Table 4. (Continued) 
Source of Mean 
variation d.f. square 
G^Tg X E/S 160 
G^T^ X E/S 160 
G^Tg X E/S 160 
G1T1T2 X E/S 40 M 15 
G^T^T^x E/S 40 
G1T4T5X E/S 40 M 13 
G^T^-T^ X E/S 40 
Gg X E/S 960 
GgT^ X E/S 160 
GgTg X E/S 160 Mg 
Expected mean square 
•*• ^^G^T^E/S 
<J + ^(^G^TgE/S 
® * ^^G^T^T^E/S 
^^G^T^TgE/S 
^^G^T^TgE/S 
+ 2^GgE/S 
^ * ^(^GgTgE/S 
+ ^^GgTgE/S 
Table 4. (Continued) 
Source of Meem 
variation d.f. square Expected mean square 
GgTj X E/S 160 Mg 
GgT4 X E/S 160 M, * 2o| /g 
8*4* 
8^ 5 E/S 160 Mg + "^GgTgE/S 
gTl'^ 'a * "s * "^OgT^ TjE/S 
GoT,T. X E/S 40 My, + 2*2 * m =/= * 
' 8 ^ 3 M  *  " 4  "  "  ^ " G g T g T ^ E / S  
GgT^Tg X E/S 40 Mg 0^ + 2a,^ 
G8T4T5E/S 
GgT^-T4 % E/S 40 M2 * ^'G^T^-T^E/S 
Pooled error 2450 M^ 
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against their respective interactions with environments. If 
the interactions were not significantly different from zero, 
the interaction sums of squares were pooled with the pooled 
error sums of squares and used to test its respective main 
effect. 
Estimates of variance components for and Sg lines and 
their interaction with testers (T) were obtained from expected 
mean squares of the combined analyses of variance for the 10 
sets pooled (Table 3) as follows* 
62 ^22 " ^ 10 A2 ^19 " ^ 7 
50 X T = 10 
62 ^17 ~ "5 A2 ^14 " ^ 2 
Sg 50 *SQ X T = 10 
Variances for these components of variance were computed 
using formulas of Comstock cind Moll (1963). 
V(â2 ^ . 2 riiîlilL * JÎÎÎILt 
X T) (10)2 1-160 + 2 * 640 + 2J 
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Components of variance also were estimated for the dif­
ferent types of and Sg testcrosses (TC) from the expected 
mean squares of Table 4 as followst 
^2 _ ^42 " ^20 ^2 
Ô2 
10 
"41 - MI9 
10 
1 0
 ^18 
10 
^39 " ^7 
10 
"38 " "16 
'S^TC^ SgTC^ 
A2 ~ "l A2 
S1TC2 - "^SgTCg 
2 
'S^TCg - "SgTCg 
0^ =30^ a 
S1TC4 "SgTC^ 
A2 ''1 A2 
°S,TCc. " 10 *SoTCc = 
10 
1 H
 M9 
10 
^30 " ^ 8 
10 
^29 " 
10 
1 CO 
^6 
'l/"5 - 10 
Variances for these components also were computed using 
formulas of Comstock and Moll (1963). 
General formula used for the variances of the compo­
nents of variance was; 
2 , _ 2 
" jp2 [40 + 2 160 + ' 
where: i = 1 or 8, 
j — 1» 21 •••» 5f and 
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for i = 1 
k = 38 if j 
k = 39 if j 
k = 40 if j 
k = 41 if 3 
k = 42 if j 
for i = 8 
1, and Z = 16 k = 28 if j = l, and 4 = 6, 
2, and 4 = 17 k = 29 if j = 2, and & = 7, 
3, and £ = 18 k = 30 if j = 3, and 4 = 8, 
4, and £ = 19 k = 31 if j = 4, and 4 = 9, 
5, and Z = 20 k = 32 if j = 5, and 4 = 10. 
The combined analysis of covariance for trait X of the 
or Sg testcrosses made with one tester and the same trait 
X of the or Sg testcrosses made with a different tester 
is shown in Table 5. Genotypic components of covariance 
were calculated from expected mean cross products (Table 5) 
as: 
Mn 
TC^TCj 
Mg Mq - M, 
TCj^ ''TC^ "TC^ 
10 
i / j 
whereI TC = testcrosses, and 
i = j = tester number = 1,2,...,5. 
Phenotvpic and aenotvpic correlations 
Phenotypic correlations were computed for each trait 
between all and Sg testcrosses made with different testers, 
and between S^ and Sg testcrosses made with the same tester 
by the formulai 
Table 5. Components of analysis of covariance for S. and S3 testcrosses (TCj^) 
and or Sg testcrosses (TC-)® in 10 sets pooled and combined over 
environments 
Source of Mean cross 
variation d.f. product Expected mean cross product 
Environments (E) 4 
Sets (S) 9 
E X S 36 
Replications/E,S 50 
Testcrosses/S (G/S) 40 M, a,pp ^ + 2<jp„ /g + lOo. /q 
•^TC^ ^TCj TC^TCj ^^TC^TC^TC^TC 
Pooled error 200 M, M, a-y, «« 
^TC. ^TC. TC^TCj 
1 J 
^TC^ and TCj are testcrosses made with tester i or j, i = j =1,2,...,5. 
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«3 ^3 
TCj TCj 
^ J V -^TCj 
where 
r . = phenotypic correlation coefficient for test-
P*TC.TC. 
^ crosses made with tester i and testcrosses 
made with tester j; 
Mo Mq = mean cross product for testcrosses with 
^TC. ^TC. 
^ tester i and jt 
Mo = mean square for testcrosses with tester i; 
' ' tc .  
^ and 
Mo = mean square for testcrosses with tester j. 
TCj 
Components of variation and covariation (Tables 4 and 5) 
were used to estimate genotypic (r ) correlation for 
^TCj^TCj 
each pair of different testcrosses. 
/< 1 J */ Wp «Uf, 
®TC^ SCj 
where 
r_ = genotypic correlation coefficient for test-
9TC.TO . 
J crosses made with tester i and tester j; 
Of. = genotypic covariance between testcrosses 
TCiTc. 
•' made with tester i and ji 
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2 Op = genotypic variance of testcrosses made with 
TC. 
tester i; and 
2 
at = genotypic variance of testcrosses made with 
^TC . 
^ tester j. 
Yield data of the original 50 lines per se were re­
corded by Obilana (1972) during 1970 and 1971 in three en­
vironments (Ames Agronomy Farm 1970 and 1971, and Ankeny 
1971). Phenotypic and genotypic correlations between the 
yield of the 50 lines per se and the yield of each of the 
five different Sg testcrosses also were determined. 
The phenotypic correlations were obtained by the formula* 
^phç 
Gov S^tTC^ 
'S-TC. /I2 ~2 
^ y Os^'^TCj, 
where 
r - = phenotypic correlation coefficient between 
P"s_TC. 
the lines and the Sg testcrosses (TC^) 
made with tester i, i = 1,2,...,5; 
Gov S^TG^ = phenotypic covariance between S.^ lines and 
Sg testcrosses made with tester i, 
X — 1,2,...,5% 
2 Og = phenotypic variance for lines; and 
2 ®TC. " phenotypic variance for testcross i, 
1 " 1,2,...,5. 
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Genotypic correlation for the with the different 
Sg testcrosses were computed applying the previous formula, 
but changing both the phenotypic covariances and variances 
by genotypic covariances and variances, respectively. 
All statistical computations were possible using the 
computer facilities of Iowa State University, Ames, Iowa. 
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RESULTS 
Results reported herein were obtained from five experi­
ments that were conducted during 1976 and 1978. Seven traits 
were measured (grain yield, percentage of grain moisture, 
root lodging, stalk lodging, and dropped ears, silking date, 
and stand) in each experiment (environment). Silking date 
data were recorded for only three of the five environments. 
Uniform stands were observed for most of the entires in all 
experiments. Hence, stand was used only to adjust yield for 
some of the small differences in stand among entries. All 
seven traits were measured and recorded for each of the 500 
testcrosses (entries) that were partitioned into 10 sets of 
50 entries each, and replicated twice at each of the five 
environments. 
Analyses of variance for the 10 sets pooled for each 
environment are shown in Tables A1 to A6 of the Appendix. 
Analyses of variance also were computed for each set indi­
vidually and combined over environments (Tables 6 to 11). 
Analyses of variance for the 10 sets pooled and combined over 
environments also were computed for each trait and are shown 
in Table 12. 
Mean squares for entries were significant at the 1% 
probability level in each of the 10 sets (Tables 6 to 11), and 
in the 10 sets pooled and combined over environments (Table 
12). Differences among entries were expected because of the 
Table 6. Analysis of variance, means, and C.V.'s for yield (q/ha) 
recorded on 50 entries for each of 10 sets combined over 
five environments 
Source of 
variation® 
Mean squares for yield for each set 
d.f. 1 2 3 4 
1 4 18508.34 11935.11 14565.03 17034.42 
5 106.13 94.13 189.52 221.70 
49 1033.38** 518.63** 926.62** 969.80** 
1 48.16ns ** 7.10ns 2305.80** 1311.10* 
24 984.28** 483.32** 689.15** 1019.72** 
4 316.33ns 149.01ns 682.98* 640.74** 
4 4842.66** 2356.36** 2443.67** 4479.49** 
16 186.70** 98.64ns 252.06** 249.53** 
24 1123.40** 575.24** 1106.62** 903.62** 
9 1043.78* 556.41** 1660.37** 827.53** 
4 4981.95** 1888.98** 4109.14** 3859.62** 
16 178.66** 251.52** 217.55** 183.64ns 
196 121.41** 136.48** 149.18** 116.80** 
4 148.49ns 83.05ns 157.79ns 165.12* 
96 121.69** 115.72ns 149.62** 108.99** 
16 199.41** 132.30ns 222.07** 78.87ns 
16 194.76** 243.71** 212.56* 210.98** 
64 83.98ns 79.57ns 115.77ns 91.02ns 
96 120.02** 159.71** 148.35** 122.72** 
16 220.58** 142.68ns 284.16** 155.79** 
16 150.97* 323.21** 123.25ns 143.60ns 
64 87.14ns 122.51ns 119.31ns 108.30** 
245 80.03 93.11 104.71 69.41 
64.97 67.31 66.98 65.02 
13.76 14.29 15.27 12.81 
(E) Environments 
Rep/E 
Entries (G) 
Si vs Sg TC 
(G^Gg) 
Si TC (Gi) 
Si lines (Li) 
Testers (T) 
Li X T 
Sg TC (Gg) 
Sg lines (Lg) 
Testers (T) 
Lg X T 
G X E 
GiGg X E 
Gi X E 
Li X E 
T X E 
Li X T X E 
Gg X E 
Lg X E 
T X E 
Lg X T X E 
Error 
Mean 
C.V. 
= 30.98 (d.f. =9), P> .005 
^Sj^ TC and Sg TC refer to testcrosses of the Sj^ and Sg lines, 
respectively, in this and in the following tables. 
^ns = nonsignificant, in this and the following tables. 
*,**Signlfleant and highly significant at the 5% and 1% levels, 
respectively, in this and the following tables. 
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Mean squares for yield for each set 
5 6 7 8 9 10 
6980.17 
314.77 
1220.44** 
13.40ns 
966.68** 
1464.31** 
3612.53** 
180.81** 
1524.49** 
863.33* 
7406.82** 
219.20** 
135.58** 
124.00ns 
119.66** 
140.72* 
210.10** 
91.79ns 
147.90 
218.04** 
349.66** 
79.92ns 
80.20 
66.57 
13.47 
9059.21 
382.96 
1308.00** 
270.93ns 
1182.50** 
1307.31** 
5212.44** 
143.81ns 
1476.72** 
2766.29** 
5129.30** 
241.18* 
155.23** 
111.84ns 
121.50** 
162.24* 
164.71* 
108.93ns 
185.13** 
300.06** 
306.49** 
123.15* 
88.00 
65.90 
14.23 
9391.07 
223.07 
707.93** 
53.01ns 
717.36** 
207.35ns 
3571.02** 
131.44ns 
725.78** 
957.76** 
2754.99** 
160.49* 
129.46** 
25.36ns 
120.40* 
90.99ns 
239.57** 
97.96ns 
142.86** 
103.34ns 
366.15** 
96.92ns 
93.50 
66.82 
14.46 
6595.83 
293.89 
1176.45** 
5.42ns 
1059.10** 
402.35ns 
5175.56** 
194.18** 
1342.58** 
937.15** 
5567.18** 
387.79** 
113.40** 
231.57* 
102.83** 
70.59ns 
235.26** 
77.78ns 
119.06ns 
146.11ns 
187.72* 
95.13ns 
97.14 
71.67 
13.75 
11060.60 
93.56 
737.05** 
65.17ns 
766.98** 
549.86* 
3143.31** 
212.18** 
745.11** 
1248.45** 
2376.64** 
211.40** 
138.36** 
84.37ns 
137.57** 
171.54* 
168.38* 
121.38ns 
141.39** 
149.83ns 
398.29** 
100.05ns 
95.63 
69.05 
14.16 
8014.54 
202.48 
1029.82** 
7.65ns 
787.99** 
178.18ns 
3877.57** 
168.05* 
1314.24** 
2696.44** 
3866.90** 
330.52** 
135.75** 
97.49ns 
115.79* 
155.98* 
224.41** 
78.59ns 
157.30** 
168.74* 
267.98* 
127.77* 
89.66 
68.10 
13.90 
Table 7. Analysis of variance, means, and C.V.'s for percent 
age of grain moisture recorded on 50 entries for 
each of 10 sets combined over five environments 
Source of 
variation d.f. 1 2 3 4 
Environments (E) 4 649.90 562.81 868.48 816.49 
Rep/E 5 16.89 7.65 19.05 56.85 
Entries (G) 
St vs So TC 
(GiGgf 
49 
1 
11.60** 
0.34** 
8.27** 
7.51* 
15.82** 
10.30* 
21.68** 
12.99* 
S^ TC (G^) 24 9.20** 8.21** 18.01** 24.76** 
S^ lines (L^ ) 4 18.87** 16.96** 31.12** 30.41* 
Testers (T) 4 26.49** 20.32** 57.98** 75.93** 
X T 16 2.46ns 3.00** 4.74** 10.55** 
Sg TC (Gg) 24 14.47** 8.35** 13.86** 18.96** 
S g lines (Lg ) 4 32.35** 11.43* 42.77** 59.32** 
Testers (T) 4 39.40** 29.98** 30.18** 33.04** 
Lg X T 16 3.76** 2.17ns 2.55ns 5.35ns 
G X E 196 3.04** 2.25** 2.56** 4.03** 
G^Gg X E 4 1.80ns 2.39ns 1.67ns 3.13ns 
G^ X E 96 2.73** 1.84* 1.96ns 4.47** 
Li X E 16 3.48** 2.19* 2.01ns 6.55** 
T X E 16 4.66* 3.24** 2.15ns 10.05** 
X T X E 64 2.06* 1.40ns 1.90ns 2.55ns 
Gg X E 96 3.40** 2.66** 3.22* 4.85** 
Lg X E 16 5.72** 2.87** 6.39** 8.43** 
T X E 16 7.75** 5.72** 2.90ns 6.26ns 
Lg X T X E 64 1.73ns 1.83ns 2.47ns 3.56** 
Error 245 1.48 1.40 2.37 2.03 
Mean 18.39 17.84 18.92 19.12 
C.V. 6.62 6.64 8.14 7.46 
- 843.36 (c.f. = 9), P > .1 005 
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percentage of grain moisture for each set 
5 . 6 7 8 9 10 
789.22 930.26 869.78 1131.49 870.77 969.43 
42.81 23.99 28.31 28.92 11.65 41.16 
30.05** 22.13** 10.52** 19.48** 13.34** 16.22** 
49.61** 11.62* 14.31* 0.06ns 90.14** 33.90** 
19.12** 14.64** 6.43ns 12.94** 9.04** 18.68** 
45.15** 47.30** 12.14ns 18.25ns 4.49ns 51.13** 
43.08** 35.55** 9.51ns 45.90** 31.98* 48.10** 
6.63** 1.25ns 4.23ns 3.3 8ns 4.44** 3.21ns 
40,16** 30.04** 14.46** 26.84hs 14.44** 13.02** 
133.83** 91.81** 31.39ns 41.30ns 28.09ns 6.Olns 
80.21** 60.94** 33.72* 47.72ns 32.89** 61.09** 
6.74** 6.88** 5.42* 18.00ns 5.17** 2.76ns 
2.89** 4.01** 4.91** 10.61** 3.31** 4.04** 
3.76ns 3.72ns 1.30ns 13.17ns 2.73ns 0.89ns 
3.59** 3.03* 4.50** 3.12ns 3.04** 3.84** 
7.19** 5.49** 6.91** 4.42ns 1.56ns 5.18** 
5.27** 3.54ns 7.69** 4.93ns 7.02** 7.40** 
2.26ns 2.2 8ns 3.lOns 2.34ns 2.42ns 2.61** 
4.19** 5.02** 5.47** 18.00** 3.61** 4.37** 
8.28** 14.69** 12.02* 21.03** 9.57** 6.56** 
8.31** 4.46* 7.33** 22.03ns 5.67** 8.49** 
2.14ns 2.62ns 3.37ns 16.23** 1.60ns 2.79** 
2.13 2.32 2.73 9.14 2.04 1.74 
20.42 19.50 18.76 19.91 19.34 18.81 
7.15 7.81 8.60 15.19 7.39 7.01 
Table 8. Analysis of variance, means and C.V.'s for per­
centage of root lodging recorded on 50 entries for 
each of lO gets combined over five environments 
Source of 
variation 
Mean squares for 
d.f. 1 2 3 4 
1 4 1914.47 2154. 02 352.15 863.78 
5 95.58 3. 42 54.26 94.25 
49 244.17** 157. 72** 108.88** 100.93ns 
1 84.24ns 180, 99ns 37.59ns 181.12ns 
24 192.02ns 170. 87** 93.25** 104.95ns 
4 89.18ns 459. 14ns 128.41ns 140,37ns 
4 732.91** 171. 78ns 192.57** 163.01ns 
16 82.51ns 98. 57ns 59.63ns 81.05ns 
24 302.75** 143. 60* 127.48** 93.58ns 
4 886.72** 208. 53* 351.63* 167.71ns 
4 329.85** 257. 77* 60.68ns 127,14ns 
16 149.99* 98. 82ns 88.14* 66.66ns 
196 136.57** 86. 73** 56.44* 83.19** 
4 239.66* 26. 78* 80.22ns 100.45ns 
96 170.66** 98. 97ns 52.15ns 82.47ns 
16 331.03** 191. 18** 67.00ns 86.33ns 
16 215,57ns 119. 89ns 80.92ns 182.10** 
64 119.35** 70. 69ns 41.24ns 56,59ns 
96 98.18ns 76. 87ns 59.85ns 83,19ns 
16 157.70* 66. 14ns 109.68** 126,19* 
16 131,54ns 101. 26ns 88.44* 82.06ns 
64 74.96ns 73. 41ns 39.28ns 72.38ns 
245 80.26 83. 84 51,02 68,58 
6.44 4. 30 3,40 4.13 
139.02 212. 66 210.01 200.07 
. = 9) , P > .005 
Envi ronments (E) 
Rep/E 
Entries (G) 
S, vs So TC 
S^ TC (G^) 
S^ lines (L^) 
Testers (T) 
X T 
Sg TC (Gg) 
SQ lines (Lg) 
Testers (T) 
Lg X T 
G X E 
G^Gg X E 
G^ X E 
X E 
T X E 
X T X E 
Gg X E 
Lg X E 
T X E 
Lg X T X E 
Error 
Mean 
C.V. 
= 94.86 (d.f
60 
percentage of root lodging for each set 
5 6 7 8 9 10 
.240.10 1778 .69 319. 07 1673. 68 1541 .58 2193 .35 
25.81 161 .31 109. 98 307. 67 68 .8 58 .69 
122.53* 161 .72* 86. 57ns 107. 62* 202 .43** 247 .40** 
202.79ns 1060 .43** 18. 03ns 33. 76ns 11 .37ns 216 .61ns 
78.95** 178 . 88ns 91. 83ns 122. 10* 176 .03ns 127 .29ns 
58.66ns 325 .26ns 97. 60ns 341. 79* 129 .96ns 161 .35ns 
221.33** 293 .53** 139. 05ns 171. 70* 183 .42ns 298 .52ns 
48.43ns 113 .63ns 78. 58ns 54. 78ns 185 .70* 75 .99ns 
162.77ns 107 .12ns 84. l7ns 96. 22ns 236 .79** 368 .79** 
236.52ns 129 .73ns 117. 7lns 153. 02* 577 .59** 1033 .17* 
216.85** 223 .72* 134. 36ns 259. 38ns 337 .00** 631 .66* 
130.84ns 72 .32ns 63. 23ns 41. 24ns 126 .54* 136 .98ns 
81.77** 111 ,41** 67. 11** 75. 50** 101 .48** 112 .74** 
29.33ns 151 .16ns 85. I7ns 206. 42** 122 .72ns 211 .34ns 
47.7lns 131 .23** 81. 77* 72. 89* 116 .77** 91 .56ns 
63.97ns 156 .33* 74. . 8ns 103. 56* 90 . 67ns 182 .72* 
50,35ns 109 .97ns 56. 72ns 62. 14ns 224 .62** 151 .02* 
42.99ns 130 .24** 89. 93* 67. 90ns 96 .33* 53 .90ns 
118.02** 89 .66ns 51. 70ns 72. 66* 85 .30* 129 .82* 
179.49** 159 .21* 77. 04ns 77. 39ns 100 .70ns 236 .86** 
110.55ns 88 .25ns 47. 35ns 130. 80** 72 .05ns 197 .66** 
104.51** 71 .79ns 46. 45ns 56. 93ns 84 .76ns 86 .lOns 
58.64 83 .01 64. 29 53. 19 67 .17 94 .25 
4.05 5 .63 4. 16 4. 83 4 .98 6 .06 
188.99 161 .30 192. 58 150. 99 164 .27 160 .11 
Table 9. Analysis of variance, means and C.V.'s for per­
centage of stalk lodging recorded on 50 entries for 
each of 10 sets combined over five environments 
Source of 
variation d.f. 1 2 3 4 
1 4 2346. 59 2857. 18 2926. 33 2790.14 
5 171. 86 140. 01 149. 39 296.90 
49 395. 52** 506. 28** 371. 17** 783.02** 
1 283. 99ns 575. 63* 27. 07ns 0.92ns 
24 357. 43** 325. 30** 355. 87** 661.04** 
4 533. 08** 439. 51ns 648. 37** 1296.40** 
4 963. 30** 1168. 57** 626. 40ns 1492.85** 
16 162. 05ns 85. 93ns 215. 11ns 294.25** 
24 439. 28** 684. 37** 400. 80** 937.59** 
4 493. 01** 2863. 33** 424. l8ns 4309.04** 
4 1606. 11** 351. 41** 599. 74** 556.31ns 
16 134. 14ns 222. 87ns 345. 22** 190.05ns 
196 117. 13** 182. 41** 174. 46** 152.19** 
4 268. 58** 193. 45ns 65. 91ns 307.48* 
96 123. 69ns 159. 53** 160. 83** 150.17ns 
16 125. 17ns 165. 45* 114. 13ns 225.86* 
16 188. 91* 198. 29ns 281. 40* 120.57ns 
64 107. 02ns 148. 36** 142. 37** 138.65ns 
96 104. 26ns 205. 06** 193. 20** 147.64ns 
16 129. 08ms 487. 42** 513. 57** 144.53ns 
16 156. 57ns 134. 62ns 180. 72ns 212.19* 
64 84. 97ns 151. 24** 112. 44* 131.78ns 
245 107. 34 92. 68 81. 59 120.69 
12. 36 14. 59 13. 35 15.62 
83. 80 65. 94 67. 63 70.33 
Environments (E) 
Rep/E 
Entries (G) 
Si vs To TC 
(GiGgf 
S^ TC (G^) 
S^ lines (L^) 
Testers (T) 
Li X T 
Sg TC (Gg) 
Sg lines (Lg) 
Testers (T) 
Lg X T 
G X E 
G^Gq X E 
G^ X E 
X E 
T X E 
X T X E 
Gg X E 
Lg X E 
T X E 
Lg X T X E 
Error 
Mean 
C.V. 
„2 
= 196.82 (d.f. = 9), P > .005 
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oercentaae of stalk lodaina for each set 
5 6 7 8 9 10 
3256.22 5040,52 1395,60 1778,13 1999, 16 1317,74 
159.36 291,43 104,82 130,03 61. 72 162,10 
383.82** 624,69** 534,55** 250,14** 348. 62** 212,79** 
64.41ns 94.65ns 3870,25* 430,19* 883, 87** 104,99ns 
255.36** 309.78** 693.09** 318,38** 184, 56** 142,27* 
425.19** 751.77** 2174,31** 159.87ns 179, 16ns 361,23** 
425.14** 694,48** 1130.58** 1021.08** 490, 45** 151,51ns 
170.45** 103,11ns 213.41* 182.33** 109. 44ns 85,22ns 
525.60** 961,68** 237.01** 174.41** 490, 38** 287,80** 
842,39ns 3392,46** 667.99* 344,65ns 947. 41ns 911,42* 
1007.11** 1284,23** 393.24** 415,81** 822, 05** 351,07* 
326.02** 275,35** 90.21ns 71,50ns 293, 21** 116,08** 
114.58** 147.95** 157,26** 74.65** 136, 36** 90,55** 
225.16** 148.26ns 455,33** 69,66ns 190. 74ns 120,76ns 
83.81ns 103,26ns 172,68** 73,98ns 100. 63ns 71,06* 
80.10ns 113,81ns 386.00** 79,54ns 97. 32ns 57,11ns 
90.60ns 132.98ns 171.80ns 115,73* 112. 04ns 96,63* 
83.04ns 92,87ns 119.56ns 63,40ns 98. 60ns 68,16ns 
140.75** 193,07** I29.42rs 75.49ns 169. 82** 108,78** 
314.27** 406,37** 201,19* 147,26** 334, 34** 271,32** 
108.59ns 231,45* 112.48ns 74,64ns 185, 77ns 110.67* 
105,41** 127.05ns 115,71ns 57,77ns 124, 70* 67,68ns 
67.99 118,23 105,43 70,56 88, 42 54,36 
11.02 15.17 12,64 9,78 10, 96 8.38 
74,82 71,64 81.21 85,84 85, 74 87.93 
Table lO. Analysis of variance, means, and C.V.'s for per­
centage of dropped ears recorded on 50 entries for 
each of 10 sets combined over five environments 
Source of sqqsree fgr 
variation d.f. 1 2 3 4 
Envi ronments (E) 4 208.13 320.25 175.09 339.06 
Rep/E 5 32.52 3.24 5.20 9.64 
Entries (G) 49 33.27** 33.43* 16.71** 80.06** 
Si vs Sg TC 
(G^Gg) 1 15.51ns 80.96* 1.41ns 14.20ns 
Si TC (G^) 24 45.59* 14.56ns 10.42ns 79.03** 
S^ lines (L^) 4 13.86ns 36.01* 22.67* 22.67* 
Testers (T) 4 126.43ns 21.82ns 12.70ns 254.85* 
Li X T 16 33.31ns 7.38ns 6.78ns 28.11ns 
Sg TC (GQ) 24 21.72** 50.31ns 23.63** 83.84ns 
Sg lines (Lg) 4 36.64* 117.03ns 68.19** 138.70ns 
Testers (T) 4 48.94** l0l.41ns 31.00ns 152.72ns 
Lg X T 16 11.18ns 20.86ns 10.65ns 52.92ns 
G X E 196 17.93** 22.49** 9.10** 40.70** 
G^Gq X E 4 9.27ns 11.81ns 7.21ns 25.34ns 
G^ X E 96 27.38** 13.00ns 8.70ns 28.83** 
X E 16 15.17ns 7.94ns 7.84ns 19,34ns 
T X E 16 57.08** 27.17** 12.10ns 59.85** 
X T X E 64 23.01** 10.72ns 8.07ns 23.44ns 
Gg X E 96 8.83ns 32.53** 9.59ns 53.48** 
Lg X E 16 9,96ns 74.35** 7.62ns 64.89** 
T X E 16 12,02ns 58.78** 18.23** 87.98* 
Lg X T X E 64 7,75ns 15.25ns 7.84ns 41.64** 
Error 245 11.50 13.57 8.68 19.14 
Mean 1.65 1.72 1.27 2.57 
C.V. 205.39 213.21 231.65 169.81 
= 443 (d.f. = : 9), P > .005 
Dercentaae of drooped ears for each set 
5 6 7 8 9 10 
116.84 172.99 549.86 77.96 146.55 53,70 
10.03 22.48 26.68 2.32 2.22 3,19 
16.46** 32.72** 98.26** 14.23** 15.44* 15,66** 
3.94ns 2.85ns 238.22** 11.81ns 13.12ns 24.09ns 
14.34** 26.93* 57.17* 16.77** 16.74ns 11.24ns 
18.33ns 35.75** 22.65ns 12.36ns 32.52ns 17.02ns 
31.58** 26.91* 91.09** 40.68ns 40,57ns 31.51** 
9.03ns 24.73ns 27.32ns 11.89* 6.84ns 4.72ns 
19.11** 39.76** 153.53** 11.79** 14,24ns 19.74** 
18.49ns 56.87** 208.97ns 24.06** 16.98** 3.79ns 
22.00* 37.26** 439.44* 20.73* 14,74ns 59.39* 
18.54** 36.11ns 68.19* 6.49ns 13,43ns 13.82ns 
7.90ns 17.47** 38.22** 7.04** 11,17* 9.05** 
12.18ns 9.68ns 59.29ns 4.80ns 1,58ns 19.08ns 
6.57ns 16.41** 19.44ns 7.60ns 11,02* 7.19ns 
6.93ns 16.57ns 17.35ns 3.90ns 16,40* 9.56ns 
6.84ns 17.42ns 29.17ns 20.36** 20,84** 9.34ns 
6.41ns 16.10** 17.53ns 5.34ns 7,22ns 6,06ns 
9,04ns 18.89** 56.12** 6,57ns 11,71* 10,50ns 
7.39ns 13.17ns 70.14** 7.81ns 13,80ns 9.56ns 
6.64ns 11.07ns 117.51** 7.54ns 14,33* 16.19* 
10.06ns 22.44** 37.27** 6,02ns 10,53ns 9.31ns 
8.38 10.30 25.08 6.19 8,57 8.45 
1.13 1.63 2.83 1.02 1,23 1,25 
255.04 195.87 176.58 241.68 238,01 231,49 
Table 11. Analysis of variance, means, and C.V.'s for 
silking date recorded on 50 entries for each of 
10 sets combined over five environments 
Source of 
variation d.f. 1 2 3 4 
Envi ronment s (E) 2 863.82 440.66 595.82 660.53 
Rep/E 3 4.02 3.24 4.19 2.35 
Entries (G) 49 15.20** 20.73* 20.98** 21.50** 
S, VS Sp RX 
1 11.21* 12.00ns 2.28ns 8.70** 
TC (G^) 24 15.07** 10.84ns 16.17** 22.70** 
lines (L^ ) 4 30.27** 22.84ns 19.03** 65.84** 
Testers (T) 4 46.22** 27.82ns 68.23** 46.52** 
X T 16 3.48** 3.60ns 2.45ns 5.96** 
Sg TC (Gg) 24 15.30** 30.99ns 26.55** 20.84** 
Sg lines (Lg ) 4 19.39** 31.15ns 58.95** 34.85** 
Testers (T) 4 57.96** 40.95ns 71.41** 69.20** 
Lg X T 16 3.91** 28.46ns 7.24** 5.25** 
G X E 98 1.95ns 13.08ns 1.83ns 1.90ns 
G^Gg X E 2 4.82ns 24.37ns 1.80ns 2.23ns 
G^ X E 48 2.04ns 1.99ns 1.73ns 1.99ns 
X E 8 1.72ns 3.03ns 1.57ns 3.10ns 
T X E 8 4.80** 1.71ns 2.99ns 3.86* 
X T X E 32 1.43ns 1.80ns 1.46ns 1.24ns 
Gg X E 48 1.75ns 23.70** 1.94ns 1.79ns 
Lg X E 8 3.39ns 24.08ns 4.07** 4.61** 
T X E 8 0.86ns 19.50ns 0.16ns 0.00ns 
Lg X T X E 32 1,56ns 24.66** 1.85ns 1.55ns 
Error 150 1.88 14.60 1.59 1.64 
Mean 23.95 24.30 24.76 24.48 
C.V. 5.73 15.72 5.09 5.24 
= 1081.8 (d.f • .  =  9), P > .005 
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silkina date for each set 
5 6 7 8 9 10 
542.66 389.49 564.44 414.46 507.58 416.31 
10.88 0.90 0.59 2.51 1.47 4.83 
16.87** 21.02** 8.10** 8.82** 8.70** 13.25** 
0.48ns 26.46ns 42.56** 0.75ns 59.86** 8.29* 
10.89** 15.06** 5.49* 8.38** 8.69** 13.86** 
28.17** 21.77* 7,35ns 11.25ns 12.97** 19.48* 
18.54** 55.13** 16.50** 17.75** 26.61** 38.31** 
4.66* 3.36ns 2.26ns 5.32* 3.15* 6.34** 
23.52** 26.75* 9.28** 9.60** 6.61** 12.85** 
62.93** 97.55** 5.84* 28.75** 8.15** 21.82ns 
63.13** 19,43ns 38.04* 15.02** 9.70** 41.74** 
3.77ns 10.88ns 2.95ns 3.46ns 5.45** 3.38* 
2.14** 6.74ns 3.38** 3.58** 1.94ns 2,94** 
1,33ns 27.17* 5.37ns 4.21ns 4.56ns 1.27ns 
2.20** 0.5 8ns 3.03* 4.78** 1.67ns 2.91* 
3.74** 0.95ns 6,15** 8.59** 1.78ns 4.63* 
0.85ns 0,81ns 3.25ns 4.82ns 2.36ns 3.24ns 
2.15* 0.42ns 2,20ns 3.83ns 1.48ns 2.39ns 
2.12** 12.15** 3.65** 2.34ns 2.09ns 3.04* 
1.69ns 10.45ns 4.07ns 4.32ns 2.53ns 8.36** 
3.14 27.32** 7.12** 2.31ns 1.48ns 2.07ns 
1.97* 8.56ns 2,68ns 1.86ns 2.14ns 1.95ns 
1.20 7.51 2.11 2.69 1.56 2.03 
24.07 25.27 24.75 24.27 23.53 23.81 
4.73 10.84 5.87 6.76 5.31 5.98 
Table 12. Mean squares, means, and C.V.'s for six traits 
measured for 50 entries for each of 10 sets pooled 
and combined over five environments 
Mean squares 
Source"of Yield Grain 
variation d.f. (q/ha) moisture, % 
Sets (S) 
EnVi ronments (E) 
S X E (SE) 
Replications/SE 
Entries/S (G/S) 
S, vs S8 TC/S (GiGg/S) 
S, TC/S (Gn/S) 
S^ lines/S (Lj^/S) 
Testers (T) 
T X S 
Li X T/S 
'8 TC/S 
Sg lines/S (Lg/S) 
Testers (T) 
T X S 
Lg X T/S 
G X E/S 
G 2_G g X E/S 
Gi X E/S 
X E/S 
T X E 
T X S X E 
Li X T X E 
Gg X E/S 
Lg X E/S 
T X E 
T X E X E 
Lg X T X E 
Pooled error 
Mean 
C.V. 
9 2024.99 273.30 
4 105396.19 8089.16 
36 860.90 42.05 
50 212.22 27.13 
990 962.71** 16.91** 
10 409.07** 23.08** 
240 864.71** 14.10** 
40 589.83** 27.58** 
4 36469.33** 330.97** 
36 249.47 7.10 
160 181.74** 4.39** 
240 1083.78** 19.46** 
40 1355.75** 47.83** 
4 38671.20** 364.28** 
36 363.37 9.99* 
160 238.19** 5.88** 
1960 132.90** 4.33** 
40 122.91 3.46 
960 121.96** 3.21** 
160 142.47** 4.49** 
16 1116.88** 27.59** 
144 109.73** 3.15** 
640 94.63** 2.29 
960 144.33** 5.49** 
160 188.93** 9.56** 
16 1452.49** 47.60** 
144 118.53** 4.15** 
640 105.74** 3.85** 
2450 89.14 2.74 
67.25 19.10 
14.03 8.66 
lumbers in parentheses are the degrees of freedom for 
silking date. 
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Mean sauares 
Root Stalk Dropped Silking 
lodging, % lodging, % ears, % date 
480.91 2822.62 188.56 79.60 (9) 
11042.32 21861.30 1792.25 5272.36 (2) 
332.06 536.26 40.90 15.93 (18) 
97.98 166.76 11.75 3.50 (30) 
154.00** 441.06** 35.63** 15.52** (990) 
203.25 631.14** 40.56** 17.12 (10) 
133.61** 360.31** 27.28** 12.72** (240) 
193.16* 696.89** 31.81** 23.90** (40) 
1378.87* 6863.38** 454.79** 369.82** (4) 
132.33 144.55 24.82 5.74 (36) 
87,89** 162.13** 16.01** 4.06** (160) 
172.33** 513.89** 43.77** 18.25** (240) 
386.22** 1519.59** 68.97** 36.95** (40) 
1548.97* 5917.89** 557.32** 342.42** (4) 
114.38 163.24 41.15 9.24 (36) 
97.48** 206.27** 25.22** 7.47** (160) 
91.31** 134.61** 18.10** 3.94 (980) 
125.32** 204.59** 16.02 7.71** (20) 
94.54** 120.00** 14.61** 2.30 (480) 
134.70** 143.95** 12.10** 3.53 (80) 
395.41** 497.24** 132.43** 11.17** (8) 
95.32** 112.41** 14.19** 1.93 (72) 
76.75** 106.24** 12.38** 1.84 (320) 
86.62** 146.39** 21.70** 5.44** (480) 
129.04** 294.94** 27.87** 6.75** (80) 
272.01** 403.40** 143.84** 6.56 (8) 
85.88** 122.70** 22.94** 6.36* (72) 
91.20** 107.62** 16.75** 4.87** (320) 
70.43 90.80 11.99 3.70 (1560) 
4.80 82.39 1.63 24.32 
174.71 76.89 211.73 7.91 
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heterogeneity of the material included for testing. 
Partition of the entries sum of squares into that for 
and Sg testcrosses and the comparison between and SQ 
testcrosses were obtained; mean squares for these two sources 
of variation also are shown in Tables 6 to 12. For the com­
parison of the versus Sg testcrosses (Tables 6 to 11), 
most of the lO sets did not show highly significant (P < 01) 
mean squares for all the traits except percentage of grain 
moisture. Highly significant differences of the versus 
Sg testcrosses, however, were obtained for yield and percent­
age of grain moisture, stalk lodging, and dropped ears when 
the 10 sets were pooled and combined over environments (Table 
12). Nonsignificant differences of the S^ versus Sg test-
crosses for each set indicate the means of the two sets of 
testcrosses were not different. Unselected S^ and Sg lines 
were included, and the Sg lines were developed without selec­
tion from the same S^ lines. Therefore, if we assume that no 
other forces than natural selection were present during the 
development of these lines, we should expect no change on the 
average gene frequency of the lines, because inbreeding by 
itself does not change gene frequency, only genotype frequency. 
Thus, nonsignificant differences should be expected for their 
respective sets of testcrosses. The testcrosses, however, 
are an expression of both the lines and the tester. Hence, 
if some significant differences were observed in the compari­
sons of the S^ versus the Sg testcrosses, the differences may 
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be due mainly to the effect of testers rather than to lines, 
or more likely, to specific line x tester interaction. 
Significant differences êunong and Sg testcrosses were 
observed for all the traits in most of the 10 sets (Tables 
6 to 11} and in the 10 sets pooled and combined over environ­
ments (Table 12). These significant differences were expected 
if the different testers contributed differently to the 
crosses with the and Sg lines. 
From Tables 6 to 11, we also find that the mean squares 
for and Sg lines were significantly different for most of 
the sets, and for the 10 sets pooled and combined over environ­
ments (Table 12). Obilana (1972) found highly significant 
differences for the 247 S^ lines from which the 50 Sg lines 
used in this study were derived. Hence, significant differ­
ences among S^ and among Sg lines were because of the differ­
ences in the genetic array of the lines developed from BSSS. 
Mean squares for testers were highly significant at the 
1% probability level for most of the sets (Tables 6 to 11) and 
for the 10 sets pooled and combined over environments (Table 
12). Hence, the differences among the S^ and Sg testcrosses 
can be attributed to the differences among the testers used 
or specific line x tester interaction. Significant S^ and 
Sg line X tester interaction was observed primarily for yield 
in most of the sets (Table 6) and in the 10 sets pooled and 
combined over environments (Table 12). The interactions of 
line X tester for yield may be expected because the testers 
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were selected primarily for the expected differences of gene 
frequency for yield, whereas little consideration was given 
in the selection of testers for other traits. Highly sig­
nificant SjL and Sg line x tester interactions, however, were 
observed for all the traits when the 10 sets were pooled and 
combined over environments (Table 12). 
Mean squares for the entry x environment interactions 
were highly significant at the 1% probability level for all 
traits (Tables 6 to 12) except silking date, which showed 
less genotype x environment interaction than the other 
traits. Significant genotype x environment interactions were 
expected if the different testcrosses reacted in a different 
manner to environments. Further, the significant genotype x 
environment interactions were an indication that we should 
evaluate our material in more than one environment to remove 
environmental effects from our estimates of genetic variances 
among testcrosses. Significant genotype x environment inter­
actions also were found, as expected, for the S^ and Sg test-
crosses, and S^ and Sg lines for most of the traits in most 
of the 10 sets (Tables 6 to 11), and for the 10 sets pooled 
and combined over environments (Table 12). In most instances, 
the Sg lines and the Sg line testcrosses had greater genotype 
X environment interaction than their respective S^ lines and 
S^ line testcrosses. The differences of the genotype x 
environment interactions for the S^ and Sg lines and Sj^ and 
Sg line testcrosses were expected because stability of geno­
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types across environments has, in most instances, been related 
to the heterogeneity of the material under test (Sprague and 
Federer, 1951; Eberhart, Russell, and Penny, 1964; Eberhart 
and Russell, 1969). 
Overall testcross means and coefficients of variation 
(C.V.) were consistent over the 10 sets for all the traits 
(Tables 6 to ll). Error mean squares, however, differed 
significantly from set to set as detected by the Bartlett's 
(1937) statistic with 9 degrees of freedom for all the 
traits. Of special interest were the data for grain yield. 
The one-row plots were harvested by hand, but the ears were 
shelled by the "205 Massey Ferguson" combine; the C.V. values 
were within the "normal", or the most commonly reported C.V. 
values for grain yield. These results, therefore, encourage 
the use, whenever possible, of this type of harvesting for 
large yield trial experiments. High C.V. values for percent­
age of root lodging, stalk lodging, and dropped ears can be 
attributed to the method of measurement rather than to uncon­
trolled heterogeneous soil conditions or the experimental 
design used. 
Analyses of variance for comparisons among and between 
the five different sets of and Sg line testcrosses for the 
10 sets pooled and combined over environments are presented 
in Table 13 for each trait. For yield, percentage of grain 
moisture, percentage of stalk lodging, and silking date, most 
of the and Sg line testcrosses were significantly different 
Table 13. Analysis of variance for six traits measured on 50 entries for each of 10 sets combined 
over five environments 
Source of 
variation ^  d.f. Yield 
% 
moisture 
% root 
lodging 
7o stalk 
lodging 
% dropped 
ears 
Silking 
date 
Environments (E) 4 105396.19 8089.16 11042.32 21861.30 1792.29 5272.36 
Sets (S) 9 2024.99 273.30 480.91 2822.62 188.06 -79.60 
E X S 36 860.90 42.05 332.06 536.26 40.90 15.93 
Rep/ES 50 218.82 27.13 97.98 166.76 11.75 3.50 
Entries/S (G/S) 490 962.71 16.91 154.00 441.06 35.03 15.52 
S, vs So , TC/S 
(G"G-/S) 10 409.07** 23.08** 203.25 631.14** 40.56** 17.12 
Sj^ TC/S (G^/S) 240 864.71 14.10 133.61 360.31 27.28 17.12 
Gj^Tj^/S 40 294.61** 8.92** 109.78 412.11** 13.55 10.50** 
G^Tg/S 40 202.29** 10.37** 111.66 356.35** 5.05 5.55* 
G1T3/S 40 241.29** 6.33** 36.72 299.98* 44.29* 10.16** 
G1T4/S 40 144.57 8.90** 117.20 132.31** 9.21 8.16** 
G^Tg/S 40 384.03** 10.62** 169.35 144.67** 23.74 5.76* 
^1^1 G^Tg/S 10 3576.68** 11.55** 199.87 212.39 13.21 32.79** 
G^Ig vs G1T4/S 10 4162.75** 41.86** 282.73** 1284.77** 104.35* 20.69** 
GiTg/S 10 1055.01** 9.43 159.74 41.55 129.79** 2.52 
G1T1+T2 vs G1T3+T4 10 547.14 90.90** 446.17* 638.84** 35.27 61.00** 
Sg TC/S (Gg/S) 240 1083.78** 19.46** 172.33** 513.89** 43.77** 18.25** 
GsTi/S 40 548.27** 12.14** 195.18** 313.05** 20.26* 19.54** 
GgTz/S 40 462.43** 15.48** 218.14** 569.24** 5.99 12.44** 
GJ^T^-GiT- and GgT^-GgTg refers to Sj^ testcrosses made with testers # 1 through 5, and Sg 
testcrosses also made with testers # 1 through 5, respectively. 
Table 13. (Continued) 
Source of 
variation d.f. Yield 
% 
moisture 
GgTg/S 40 
GgT^ 40 
GgTg/S 40 
GgT^ vs TgTg/S 10 
GgTg vs GgT^/S 10 
GgT^ vs GgTg/S 10 
G8T1+T2 vs GgT^+T^/S 10 
G X E/S 1960 
Gj^Gg X E/S 40 
X E/S 960 
G^T^ X E/S 160 
G^Tg X E/S 160 
G^Tg X E/S 160 
X E/S 160 
G^Tg X E/S 160 
Gg^T^ vs X E/S 40 
G^Tg vs Gj^T^ X E/S 40 
G^T^ vs G^Tg X E/S 40 
GTT,+T„ VS G,T_+T, 
^ ^ X E/S^ ^ 40 
506.93** 
361.17** 
429.72** 
3513.37** 
4352.16** 
1282.45** 
699.49** 
132.90** 
122.91 
121.96** 
110.20** 
96.60** 
75.41 
112.45** 
123.65** 
97.54** 
205.04** 
247.13** 
137.85** 
13.53** 
16.43** 
13.76 
17.38** 
53.85** 
15.67 
88.00** 
4.33** 
3.46 
3.21** 
2.97** 
2.68 
2.91** 
2.89** 
2.23 
1.74 
10.48** 
9.28** 
3.85** 
% root % stalk % dropped Silking 
lodging lodging ears date 
45.86 795.74** 68.29** 13.88** 
177.64* 313.58** 8.89 7.52** 
139.31** 353.04** 66.41** 13.45 
193.98 145.08 19.54** 44.44** 
264.20* 1434.97** 167.82** 17.26** 
106.53 89.47 117.72** 8.06 
415.50** 402.56* 49.18* 69.12** 
91.31** 134.61** 18.10** 3.94 
125.32** 204.59** 16.02 7.71** 
94.54** 120.00** 14.61** 2.30 
91.37** 132.59** 8.89 4.28 
77.25** 116.02** 3.51 2.22 
43.26 182.66** 27.03** 1.30 
98.71** 62.58 5.80 0.89 
130.68** 76.04 16.58** 2.20 
98.09** 173.35** 6.70 1.91 
97.98** 139.35** 48.57** 1.96 
114.53** 99.51** 17.18** 1.15 
159.32** 119.93** 30.99** 6.07** 
Table 13. (Continued) 
Source of 
variation d.f. Yield 
% 
moisture 
% root 
lodging 
% stalk 
lodging 
% dropped 
ears 
Silking 
date 
Gg X E/S 
GgT^ X E/S 
GgT2 X E/S 
GgTj X E/S 
GgT^ X E/S 
GgTg X E/S 
GgTi vs GgTg X E/S 
GgTg vs GgT^ X E/S 
GgT^ vs GgTg X E/S 
G„T,+T, vs G«T,+T, 
® ^ ^x E/S® ^ 4 
Pooled error 
960 144.33** 5.49** 86.62** 146.39** 21.70** 5.44** 
160 139.04** 3.47** 98.48** 117.93** 13.49** 6.37** 
160 121.16** 3.53** 103.54** 162.24** 5.09 2.41 
160 125.06** 5.02** 36.52 216.08** 32.06** 1.66 
160 101.44** 3.12** 109.15** 101.32** 8.75 2.32 
160 132.75** 9.87** 66.19 130.54** 30.87** 13.75** 
40 193.37** 2.49 99.37** 112.76** 9.32 9.05** 
40 138.09** 12.62** 94.22** 115.78** 58.53** 1.38 
40 395.54** 16.40** 77.75** 114.93** 23.56** 8.28** 
40 108.48** 4.07** 120.04** 191.38** 39.46** 3.24 
1450 89.14 2.74 80.43 90.80 11.99 3.70 
«4 (ji 
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at the 1% probability level. For percentage of root lodging 
and percentage of dropped ears, some of the Sg line testcrosses 
were significantly different. For the different comparisons 
among the and among the Sg line testcrosses, comparisons 
that were either significant or not significant at the 
level also were either significant or not significant at the 
S g level. For instance, comparisons of the two broad genetic-
base testers, T1 (BSSSCO) and T2 (BS13(S)Cl), show that the 
differences for yield, percentage of grain moisture, and silk­
ing date were significant at both and Sg levels (Table 13). 
Comparisons of the low-yield tester, T3 (BSSSCO-222), versus 
the high-yield tester, T4 (B73), showed that the differences 
for all the traits were significant at the 1% probability 
level at both the and S g levels. The comparisons of the 
two narrow genetic-base related (T4, B73) versus unrelated 
(T5, Mol7) testers differed only in yield and percentage of 
dropped ears at the 1% probability level. Comparisons of the 
related broad versus narrow genetic-base testers (T1+T2 vs 
T3+T4) were significantly different for all traits except 
percentage of dropped ears. Most of the different and Sg 
line testcrosses also interacted significantly with environ­
ments for most traits except silking date (Table 13). 
Comparisons of the components of genetic variances for 
the and Sg lines and their interactions with the different 
types of testers were one of the primary objectives of the 
study. These estimated components of variance were obtained 
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from mean squares listed in Table 12, and are shown in Table 
14. The inbreeding coefficient (F) of the Sg lines is ex­
pected to be equal to F = 0,996, while for the lines F = 
0,50. Therefore, the total genetic variance among Sg lines 
2 2 (a^ ) will be composed entirely of additive (a^) and additive 
® 2 
X additive (a^) types of genetic effects. If we assume 
epistasis was absent and p = q = 0.5, the estimates of 
were expected to be twice the total genetic variance among the 
lines (cf^ ), or the total genetic variance of the source 
(BSSS) population. This can be shown by the following rela­
tionships. The partitioning of the variance due to the addi­
tive genes in a population with inbreeding coefficient F, when 
the total additive genetic variance in the base population is 
can be shown as follows for F = 0 (base population), F = 
0.5 (S^ lines), and F = 1.0 (inbred lines)i 
Source,, General F = o F = 0.5 F = i.o 
within lines (l-F)o^ 
Among lines ZFa^ - 2cr^ 
(l^F)a2 al 2a| 
Distribution of the total additive genetic variance of the 
base population is distributed within and among lines when 
inbreeding is imposed. The total variance increases from 
2 2 for F = 0 to for F = l.O. Comparisons of F = 0,5 
with F = 1.0 shows that variance among inbred lines (F = 1.0) 
is twice the variance among lines (F = 0.5). If we examine 
Table 14. Estimates of variance components and standard errors for and Sg lines and their 
interactions with testers 
Traits 
Source of Grain % root % stalk % dropped Silking 
variation Yield moisture, % lodging lodging ears date 
Sj^ lines (L^) 8 .94**+2.54 0. ,46**+0. 12 1. 16* +0.84 11 .05**+3 .05 0 .39**+0. ,14 0.68**+0.17 
Sg lines (Lg) 23 .33**+5.93 0. 76**+0. 20 5. 14**+1.70 24 .49**+6 .66 0 .87**+0. 30 1.00**+0.27 
Tester types x 8 .71*4+2.07 0. 21**+0. 05 1. 11**+1.06 5 .58**+l .89 0 .36**+0. 19 0.37**+0.07 
Tester types x Lg 13 .24**+2.71 0. 20**+0. 06 2. 62**+1.15 9 .86**+2 .37 0 .84**+0. 29 0.43**+0.15 
Testers 1 + 2 x 4 .16* 43.00 0. 17**+0. 01 0. 30 +2.03 11 .84**+5 .25 0 .33* +0. 30 0.14 +0.16 
Testers 1 + 2 x Lg 12 .30**+4.78 0. 26**+0. 10 1. 74 +2.14 3 .87 +3 .09 0 .12* +0. 24 0.22 +0.24 
Testers 3 + 4 x L^ 7 .33**+3.59 0. 19**+0. 09 -1. 28 +1.42 2 .65 +3 .19 0 .53 +0. 48 0.21 +0.12 
Testers 3 + 4 x Lg 20 .83**+6.58 0. 28**+0. 11 1. 80 +1.84 15 .09**+6 .09 1 .55* +0. 85 0.23 +0.13 
Testers 4 + 5 x L^ 8. 68**+4.41 0. 22**+0. 10 2. 01 ±2.69 0 .80 +1 .97 0 .28 +0. 34 0.22**+0.10 
Testers 4 + 5 x Lg 6 .75* +4.01 0. 05 +0. 15 0. 62 +2.31 6 .38**+3 .40 1 .26**+0. 66 -0.01 +0.33 
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2 2 the estimates of cf, and o, from Table 14, the variances 
^1 Lg 
among and Sg lines confirm the theoretical expectations 
2 because in most instances the estimates of o. were either 
2 ® 
twice or greater than the estimates of . 
The genetic variance of the line x tester interaction 
is ejqîected to be equal to the covariance among full-sibs 
minus twice the covariance among half-sibs, equal to 
Estimates of (dominance variance), however, 
cannot be directly and unbiasedly estimated because first, 
we have only a random sample of and Sg lines, but not of 
testers; and second, testers have different inbreeding coeffi­
cients. Nevertheless, estimates of the variance component 
for the line x tester interaction can be a general measure of 
the specific combining ability or nonadditive genetic effects. 
On the average, most of the estimated components of variance 
for the Sg line x tester types interactions were about twice 
those of the line x tester types interaction (Table 14), 
This is explained mainly by the inbreeding coefficient of 
the lines. 
Comparisons of the estimated variance components of both 
lines and line x tester types interactions showed that 
for most of the traits these two components were of about 
equal magnitude (Table 14), These comparisons indicate 
that additive gene effects were more important than non-
additive gene effects in causing differences among the 
line testcrosses. Comparisons of the estimated variance 
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components for the Sg lines and Sg line x tester types 
interactions show that the Sg line x tester components of 
variance also tended to be smaller than those for the Sg 
lines, indicating additive gene action was more important 
than nonadditive gene action in causing differences among Sg 
line testcrosses. 
Matzinger (1953) reported that as the heterogeneity of 
the tester parents increased the variance component of the 
line X tester interaction decreased. Estimates of the compo­
nents of variance shown in Table 14 are in general agreement 
with Matzinger*s (1953) conclusions because the components of 
variance tended to decrease with increased heterogeneity, 
particularly for yield; for example, line x broad genetic-
base testers (1+2) versus line x narrow genetic-base testers 
(3+4), One exception, however, was the Sg line x tester 
(4+5) component, which had a smaller estimated variance 
component than the Sg line x testers (1+2) for all traits 
except percentage of stalk lodging and percentage of dropped 
ears. The low Sg line x tester (4+5) component of variance 
may be an indication that narrow genetic-base testers can 
be used to select inbred lines with high general combining 
ability as effectively as the use of broad genetic-base 
testers. Research reported by Horner et al. (1973, 1976), 
and Russell et al. (1973) has shown that the gains from re­
current selection with inbred testers have been mainly due 
to additive effects. From Table 14, it should be noted. 
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however, that most of the estimates of variance components 
for the different line x tester interactions were associated 
with relatively large standard errors. Hence, previous 
comparisons should be interpreted cautiously with respect 
to additive and nonadditive gene action models. Escimates 
of the line x tester interaction components of variance that 
were significantly different from zero, however, do indicate 
that the testers did not give the same relative prepotency 
of the or Sg lines in hybrid combinations for the trait 
under consideration. That is, a significant line x tester 
interaction is an indication that the testers included in 
the study did not rank the lines equally in their ability to 
transmit the specific character in their hybrids. For in­
stance , testers 4 (B73) and 5 (Mol7) ranked the Sg lines better 
than did testers 1 (BSSSCO) and 2 (BS13(S)C1) for yield 
(Table 14). 
Estimates of variance components for the different and 
Sg line testcrosses were obtained from the mean squares shown 
in Table 13 and are presented in Table 15. Estimates of the 
components of genetic variances of the related testers among 
the Sg line testcrosses were, in most instances, twice as 
great as the estimates of genetic components of variance of 
the line testcrosses (Table 15). The differences between 
the components of variance for the and Sg line testcrosses 
were expected because theoretically the inbreeding coefficient 
of the parental lines increases the variances among test-
Table 15. Estimates of variance components and standard errors for S. 
line and Sg line testcrosses* made with five different 
testers 
Testers 
BSSS(CO) 8813(5)01 
Traits 2 
2 
C^GE 
2 
«^G 
2 
'^ GE 
Yield (q/ha) 18.44+ 6.54 
41.68+12.05 
10.53+6.25 
21.45+7.44 
10.56+ 4.54 
14.12+10.18 
3.73+5.51 
16.01+6.85 
Moisture (%) 0.59+ 
0.86+ 
0.19 
0.26 
0.11+0.16 
0.36+0.19 
0.77+ 0.22 
1.19+ 0.34 
-0.03+0.15 
0.39+0.10 
Root lodging (%) 1.84+ 
9.62+ 
2.60 
4.39 
10.47+5.17 
14.02+5.56 
3.44+ 2.58 
11.45+ 4.89 
3.41+4.40 
16.55+5.83 
Stalk lodging (%) 27.95+ 
19.51+ 
9.11 
6.90 
20.89+7.47 
12.56+6.67 
24.03+ 7.88 
40.70+12.55 
12.61+6.57 
35.77+9.10 
Dropped ears (%) 0.46+ 
0.67+ 
0.31 
0.46 
-1.55+0.52 
0.75+0.76 
0.15+ 0.11 
0.09+ 0.14 
-4.24+0.26 
-3.45+0.33 
Silking (days) 1.03+ 
2.19+ 
0.39 
0.72 
0.29+0.24 
1.33+0.35 
0.55+ 0.20 
1.67+ 0.45 
-0.74+0.13 
-0.07+0.14 
First row values for each trait are for the testcrosses, and 
second row values for each trait are for the Sg testcrosses. 
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Testers 
BSSS (CO) -222 B73 Mol7 
4 ^GE 
2 
-^G 
2 
"^GE 
2 
^G 
2 
•^GE 
21 .67+ 6. 38 -6.86+ 4.37 3 .81+3 .51 12 . 88+6. 50 25 .88+8 .46 17 .25+6.98 
38 .68+11. 13 17.96+ 7.06 26 .45+7 .97 6 .15+5. 77 29 .84+9 .49 21 .80+7.48 
0 .33+ 0. 14 0.08+ 0.16 0 .58+0 .19 0 .07+0. 16 0 .83+0 .23 -0 .2540.15 
0 .80+ 0. 28 1.14+ 0.08 1 .33+0 .36 0 .19+0. 18 0 .39+0 .31 3 .56+0.55 
-0 .10+ 0. 87 -13.58+ 2.60 1 .11+2 .64 14 .14+5. 57 3 .89+3 .97 30 .12+7.82 
0 .93+ 1. 07 -16.95+ 0.26 6 .97+4 .06 19 .36^^. 14 7 .34+3 .12 -2 .12+3.81 
11 .14+ 6. 76 45.93+10.72 6 .80+2 .93 -14 .11+3. 70 6 .87+3 .26 -7 .38+4.41 
34 .17+16. 67 62.64+12.07 21 .61+6 .43 5 .26+5. 77 23 .36+7 .83 19 .87+7.36 
1 .78+ 1. 01 7.52+ 1.51 0 .35+0 .20 -3 .09+0. 36 0 .61+0 .53 2 .29+0.93 
3 .18+ 1. 54 12.83+ 2.06 0 .01+0 .21 -1 .63+0. 51 3 .57+1 .48 9 .44+1.72 
1.42+ 0.13 -1.00+ 0.08 
2.03+ 0.51 -1.02+ 0.10 
0.96+0.26 -1.40+0.07 
0.86+0.27 -0.69+0.13 
0.59+0.21 
0.03+0.60 
-0.75+0.13 
4.92+0.74 
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crosses. That is, the expected variance among Sg line test-
crosses vas expected to be twice that of the line test-
crosses. This can be shown by the following relationship: 
variance of testcrosses is equal to the covariance among 
half-sibs or F is the inbreeding coefficient 
of the lines being tested. Hence, if there is no epistasis, 
2 
variance of tëstcrosses = and variance of S g test-
2 
crosses = 
Rawlings and Thompson (1962) showed theoretically the 
effect of tester gene frequency on the genetic variance among 
testcrosses. They showed that if there is no epistasis, 
the total genetic variance among testcrosses increases as the 
tester's gene frequency of favorable alleles decreases for 
genes showing partial to complete dominance at most loci. 
From Table 15, yield of the line testcrosses with the 
narrow genetic-base related tester, B73, had the lowest 
genetic variance of 3.81. This was expected because B73 is 
a high yielding inbred line per se. as well as in testcross 
combinations, with an expected higher gene frequency of 
favorable alleles at most loci. 
On the other hand, the highest line testcross genetic 
variances were observed for the unrelated high yielding in­
bred tester, Mol7, and the lowest yielding related inbred 
tester, BSSSCO-222} estimates of components of variance 
were 25.88 for Mol7 and 21.67 for BSSSCO-222. Relatively high 
estimates of genetic variances with BSSSCO-222 were expected 
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if we assume that this tester had a lower frequency of favor­
able alleles that were in the homozygous recessive condition. 
Hence* as reported by Rawlings and Thompson (1962), the 
homozygous recessive tester (e.g., BSSS(C0)~222) will always 
show greater genetic variance among testcrosses than will 
the homozygous dominant tester (e.g., B73). The large esti­
mate of genetic variance obtained with Mol7, the unrelated 
inbred tester, may be because the genetic differences between 
the lines being tested and Mol7. With respect to the frequency 
of the favorable alleles in Mol7, it is difficult to compare 
with the other materials because Mol7 is unrelated to the 
other testers and lines used in testcrosses, which are all 
of Iowa Stiff Stalk Synthetic origin. Mol7 is a high yielding 
inbred line, but different alleles must be present in Mol7 
than B73 because of the large heterotic response obtained in 
the cross of B73 x Mol7. B73 x Mol7 is one of the highest 
yielding single-cross hybrids presently grown in the U.S. 
Corn Belt. The relatively large variation among Mol7 test-
crosses must be due to the different alleles present in the 
lines under test and the tester. The genetic variation among 
S^ and Sg line testcrosses of Mol7 were nearly equal. The 
contrasting results for the Mol7 tester relative to the other 
four related testers probably occurred because of the con­
founding effects of different alleles as well as differences 
in gene frequency. For the S^ testcrosses for the two 
broad genetic-base testers (BSSS(CO) and BS13(S)C1), the 
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genetic variation among testcrosses for the lines was in­
termediate between the low (BSSS(C0)-222) and the high (B73) 
yielding testers. Both broad genetic-base testers had greater 
genetic variation among Sg line testcrosses than B73, the high 
yield inbred tester, but similar to that for BSSS(CO)-222, 
the low yield inbred tester. These results, however, tend 
to agree with the expected because the improved population as 
a tester (BS13(S)Cl) was expected to have a higher gene fre­
quency of favorable alleles than the source population, 
BSSS(CO). Although the estimates of the components of vari­
ance were not significantly different, the estimates for 
BS13(S)C1 tend to be smaller than the estimates for BSSS(CO). 
Genetic variances for the Sg line testcrosses for yield 
also tended to be smallest for the high yielding related 
tester B73 (26.45) and largest for the broad genetic-base 
tester BSSS(CO) (41.62). Estimates for the low yielding in­
bred tester BSSS(CO)-222 had a value (38.68) similar to 
BSSS(CO), but greater than for B73. Greater genetic varia­
tion of BSSS(CO)-222 testcrosses over B73 testcrosses was ex­
pected for the same reasons given for the testcrosses. 
The highest genetic variance observed with the source popula­
tion as a tester (BSSS(CO)) may be explained because of in­
termediate to low gene frequency of favorable elleles in 
this population. Supposedly, with this tester (BSSS(CO)), 
we should have lower genetic variance than with BSSS(C0)-222, 
because it was assumed that BSSS(C0)-222 had lower gene 
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frequency of favorable alleles than BSSS(CO)» as was the 
case for the testcrosses. Perhaps the gene frequency was 
not decidedly different between the BSSS(CO) and BSSS(CP)-222 
testers, but alleles were fixed in a homozygous condition for 
BSSS(CO)-222 tester. If we consider the average of each 
tester at the two levels of inbreeding of the lines, we find, 
however, that both testers show approximately the same genetic 
variance, that is, 30.03 for BSSS(CO) and 30.17 for BSSS(CO)-
222. Hence, it seems the gene frequency of favorable alleles 
for yield in the base population (BSSS) was low. Genetic 
variance for the SQ testcrosses of BS13(S)C1 remained, as 
expected, lower than for the source population (BSSS(CO)). 
The Sg testcross genetic variance for Mol7 was similar to 
that for the testcrosses; that is, 25.88 for testcrosses 
and 29.84 for Sg testcrosses. Explanation for the relatively 
large component of variance among S g line testcrosses with 
Mol7 are for the same reasons given for the testcrosses. 
The other traits did not have the same trend for the 
estimates of the variance components among the different 
and S g line testcrosses as was shown for yield. The dif­
ferent response to testers was probably because the basis 
that testers were chosen was mainly on their yielding ability. 
Therefore, interpretations of these variance components were 
that the generally greater genetic variances were due to 
different frequency of favorable alleles in the tester. Some 
negative estimates of variance components were observed for 
88 
some testcrosses, and they were because of the larger sampling 
errors for these traits. Estimates of the variance components 
for the interactions of the and S g line testcrosses with 
environments were significantly different from zero at the 
1% probability level for most of the testers for yield. It 
was expected that testcrosses with narrow genetic-base 
testers would interact more with environments than those test-
crosses produced with the broad genetic-base testers (Federer 
and Sprague, 1947; Sprague and Federer, 1951; Rojas and 
Sprague, 1952). Estimates of components of variance for 
the genotype X environment interaction for each of the five 
testers did not follow the trend reported in previous studies. 
In contrast to previous results, the estimate of genotype x 
environment interaction was not different from zero (although 
negative values were calculated) for line testcrosses 
with BSSS(CO)-222 and for Sg line testcrosses with B73 
(6,15 ± 5.77). No trends in the relative magnitude of the 
genotype x environment interaction components were evident 
for broad versus narrow genetic-base testers. Therefore, 
the hypothesis that the greater the heterogeneity of the 
crosses the lower the genotype x environment interaction 
does not seem to be true for the materials included in my 
study for the testers of Iowa Stiff Stalk Synthetic origin. 
Testcrosses with Mol7, the unrelated tester, however, had 
relative high genotype x environment interaction for both 
the S^ and Sg line testcrosses; the greatest estimates were 
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obtained with Mol7 as the tester for both the and Sg line 
testcrosses. We conclude, therefore, that less genotype x 
environment interaction of Sg testcrosses made with B73 was 
not because of heterogeneity but because of genetic factors, 
as proposed by Eberhart (1969). 
Entry mean values over all replications and environ­
ments for all traits are shown in Table A7 of the Appendix, 
In Table 16, the five highest and the five lowest entries 
for the different 250 and 250 Sg line testcrosses for all 
traits are shown. Most of the testers identified at least 
one line as being among the highest or lowest in yield in 
testcross combinations (Table 16), Mol7 identified line 
number 37 as being the highest yielding in testcross (93,00 
q/ha); this same line, however, was identified as the 
second lowest yielding line when crossed to BSSS(CO)-222 
(50.42 q/ha). Table 16 also includes the range for mean 
values for each tester and mean values of all testcrosses for 
the five testers. From listings in Table 16, we find that the 
order of the range values of the and Sg testcrosses corre­
sponds exactly to the same order of their estimates of genetic 
variance shown in Table 15. For instance, testcrosses made 
with Mol7 had the largest estimate and testcrosses made with 
B73 had the lowest estimate of genetic variance (Table 15) 
and the largest and the smallest ranges for yield mean values; 
i.e., 31,80 q/ha for Mol7 and 17.33 q/ha for B73 (Table 16). 
Hence, as the genetic variance increased, the range of mean 
Table 16. Trait means for the five lowest (Lo) and five high­
est (Hi) and S3 lines identified in testcrosses 
with five different testers 
BSSS(CO) BS13(S)C1 BSSS 
Lo Hi Lo Hi Lo 
Yield 
20 44.64 15 69.22 20 58.13 26 77.92 26 50.11 
01 48.10 29 67.48 45 58.62 29 77.73 37 50.42 
05 49.08 38 67.31 03 62,17,_ 38 75.78 27 52.55 
27 49.82 06 65.95 26 . 62.37 25 74.52 03 53.11 
24 49.40 11 65.49 27 63.33 36 74.01 23 53.91 
Mean (q/ha) 57. 91 69. 51 
Range 24. 58 19. 79 
Overall mean 67.75 
fe fs Î8 fs 
30 39.31 46 73.75 30 51.57 48 81.51 05 45.43 
18 43.00 43 69.92 49 56.19 43 81.41 47 46.40 
22 43.22 39 68.91 35 57.57 25 78.01 12 48.42 
49 46.22 11 68.66 13 58.62 27 77.86 49 48.63 
04 47.20 40 66.02 26 59.91 39 77.01 30 49.43 
Mean 56.93 68.06 
Range 34.44 39.94 
Overall mean 56.75 
LSD (.01) = 1.54 for differences between all testcrosses 
mean values 
Silking date 
fl !i fl fl 
40 22.17 20 28.66 48 22.33 20 27.83 4 22.14 
03 23.00 12 28.50 45 23.00 12 27.00 18 22.33 
25 23.66 30 28.50 50 23.00 13 26.83 23 22.50 
47 24.00 29 27.83 03 23.00 30 26.33 27 22.67 
45 24.17 11 27.33 06 23.17 18 25.83 03 22.83 
Mean 25.86 
Range 6.49 
Overall mean 
24.49 
5.50 
24.30 
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fC6)-222 B73 : Mol7 
Si Hi Si 
{ 
Lo Si Hi Si Lo Si Hi 
Yiei4 
11 17.91 35 66.14 21 83.47 24 61.20 37 93.00 
44 72.63 24 66.31 36 80.43 20 66.54 29 91.87 
38 70.51 48 66.97 25 79.70 23 67.15 16 88.74 
36 69.97 27 67.18 29 79.18 03 68.87 46 88.16 
13 68.07 32 67.80 38 78.13 05 68.95 36 87.10 
60. 25 72. 86 78. 14 
27. 80 17. 33 31. 80 
f8 fe Sg !s fe 
46 74.82 35 58.27 36 83.55 42 63.78 39 91.12 
11 71.85 30 58.27 42 82.39 30 63.85 36 90.77 
43 70.92 13 58.89 43 82.12 20 64.72 29 90.62 
38 70.40 05 63.92 40 80.59 10 67.64 25 89.94 
44 68.42 01 64.80 03 80.21 06 67.88 38 87.98 
58. 89 72. 13 77. 80 
29. 39 25. 28 27. 34 
Silkina date 
!i Si !i 
12 27.00 47 21.00 20 27.25 03 21.33 20 25.83 
08 26.83 03 21.33 02 24.50 50 21.33 24 25.83 
48 26.83 19 21.83 08 24.50 19 22.16 28 25.66 
30 26.67 23 21.83 22 24.50 42 22.16 41 25.00 
22 26.50 50 22.00 48 24.50 07 22.33 30 24.83 
24. 37 23. 32 23. 48 
4. 83 6. 25 4. 50 
Table 16. (Continued) 
BSSS(CO) BS13(S)C1 BSSS 
S 8 Lo ^8 Hi ^8 Lo ^8 Hi ^8 Lo 
Silking date (continued) 
43 22.16 29 30.50 41 21.50 29 29.83 01 21.66 
17 23.16 12 29.16 10 21.80 30 28.16 45 21.83 
36 23.16 22 29.16 13 22.50 22 26.83 10 22.00 
42 23.16 11 29.00 50 22.66 33 26.66 13 22.00 
50 23.50 18 28.50 17 22.83 40 26.50 24 22.00 
Mean 26.04 
Range 8,34 
Overall mean 
24.52 
8.33 
24.34 
LSD (.01) = 0.32 for differences between all testcrosses mean 
values 
Percentage Moisture 
fl !i !l !i 
08 17.57 20 22.00 09 17.20 22 23.02 18 16.20 
09 18.14 21 21.91 06 17.52 24 22.28 03 16.52 
15 18.33 24 21.76 03 17.54 38 21.79 15 16.56 
35 18.36 12 21.67 35 17.70 18 21.07 48 16.56 
48 18.52 38 21.63 34 17.73 41 21.05 09 16.66 
Mean 20. 07 19. 51 
Range 4. 43 5. 82 
Overall mean 19.07 
fs !8 !8 28 Î8 
37 18.28 23 23.81 08 17.43 29 24.19 05 15.62 
19 18.31 29 22.84 35 17.55 22 24.09 37 16.00 
08 18.31 22 27.78 10 17.62 23 28.99 10 16.10 
26 18.40 39 22.61 19 17.76 39 21.55 02 16.15 
10 18.43 27 22.19 18 17.98 16 21.07 12 16.51 
Mean 20.23 19.47 
Range 5.53 6.76 
Overall mean 19.14 
LSD (.01) = 0.27 for differences between all testcrosses mean 
values 
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(CO)-222 B73 Mol7 
Sg Hi ^8 Lo Se Hi S8 Lo ^8 Hi 
12 28.66 17 21.33 29 28.00 21 21.83 10 31.33 
30 28.16 06 21.50 30 26.50 24 21.83 22 25.66 
11 27.33 41 21.50 31 25.50 47 21.83 30 25.66 
29 27.25 42 21.50 27 25.33 06 28.00 40 25.50 
22 26.16 10 21.83 11 25.00 17 22.00 29 25.33 
24. 27 23. 41 23. 49 
7. 00 6. 67 9. 50 
Percentage Moisture 
!l fl !i il 
22 19.67 08 16.94 16 21.08 49 15.94 25 21.73 
30 19.59 35 17.13 22 20.91 17 16.21 45 20.90 
45 19.47 11 17.15 39 20.90 48 16.43 39 20.80 
38 19.07 32 17.39 41 20.73 03 16.65 29 20.48 
36 19.00 09 17.64 30 20.69 50 17.39 37 20.45 
17. 92 19. 10 18. 74 
3. 47 4. 14 5. 79 
fj ii is is is 
22 22.16 08 16.56 22 23.62 10 16.69 37 23.63 
29 21.51 12 16.86 23 28.84 18 16.71 23 22.09 
43 20.05 10 16.90 39 22.10 35 16.79 20 21.12 
39 19.57 28 17.40 40 21.73 03 17.05 36 20.66 
23 18.91 19 17.58 16 21.44 05 17.08 29 20.55 
17.90 
6.54 
19.25 
7.06 
18.83 
6.91 
Table 16, (Continued) 
BSSS(CO) BS13(S)C1 BSSS 
Lo 
h 
Hi Si Lo Si Hi Si Lo 
Percentage of Root Lodging 
13 0.66 30 20.58 35 1.17 29 16.57 08 0.00 
08 1.25 38 13.45 14 1.76 01 14.21 14 0,00 
22 1.25 09 12.06 07 1.80 03 13.76 23 0,00 
23 1.87 17 11.69 36 1.84 45 12.39 35 0.00 
25 2.04 27 10.09 41 1.87 02 12.18 07 0.00 
Mean 6. 00 6. 64 
Range 19. 92 15. 40 
Overall mean 4.95 
fs fe fe fs h 
12 0.00 48 18.46 13 0.00 48 22.11 14 0,00 
22 0.00 50 17.57 14 0.00 41 20.54 05 0.00 
49 0.00 45 15.02 12 0.62 03 18.50 16 0.00 
36 0.58 27 14.52 18 0.62 01 16.20 17 0.00 
18 0.66 06 12.55 15 0.67 50 13.62 21 0.00 
Mean 5. 82 6. 47 
Range 18. 46 22. 11 
Overall mean 4.65 
LSD (.01) = 1,56 for differences between all testcrosses mean 
values 
Percentage of Stalk Lodging 
5 !i !i 
42 6.58 34 35.92 45 4.30 34 29.31 46 4.90 
32 7.76 19 31.05 31 5.53 15 27.72 47 6.70 
50 7.81 17 29.86 39 5,53 27 25,55 20 7,08 
39 7.87 33 27.79 46 6.65 26 24.75 22 7.13 
02 8.01 35 26.18 40 7.72 10 23.57 50 7.32 
Mean 15.68 
Range 26.02 
Overall mean 
14.45 
25.01 
12.40 
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(C0)-222 B73 Mol7 
Hi Si Lo Si Hi Si Lo Si Hi 
Percentaae of Root Loddina 
29 8.93 43 1.11 06 14.48 08 0.00 43 16.48 
30 6.39 23 1.12 46 13.10 10 0.00 05 15.51 
10 6.04 24 1.17 38 13.00 14 0.00 18 13.04 
35 5.42 08 1.76 33 11.73 17 0.00 41 12.66 
45 4.99 15 1.87 11 10.50 19 0.00 06 12.42 
2. 34 5.  16 4.  60 
8. 93 13. 37 16. 48 
fs fs fs fe is 
03 8.18 10 0.00 22 15.55 09 0.00 01 20.04 
38 6.70 21 0.00 08 14.58 27 0.00 48 11.66 
10 6.50 42 0.00 03 13.29 42 0.00 22 10.97 
41 6.04 49 0.59 34 12.74 19 0.56 17 9.64 
48 5.62 14 0.59 41 10.99 29 0.56 38 8.09 
2. 18 5.  25 3.  52 
8.  18 15. 55 20. 04 
Percentaae of Stalk Lodaina 
s.  5, s .  s.  S, 
ri li 1 li 21 
17 29.29 22 1.80 27 18.12 04 2.35 18 19.77 
18 28.35 05 1.82 34 16.54 09 2.55 23 17.16 
34 28.23 37 1.92 26 16.47 45 3.29 10 15.04 
15 27.46 48 2.43 17 14.77 38 3.57 33 14.01 
19 22.77 43 3.50 23 13.53 22 3.72 34 13.86 
15. 15 8.  39 8.  41 
24. 39 16. 32 17. 42 
Table 16. (Continued) 
BSSS(CO) BS13(S)C1 BSSS 
^8 Lo Sg Hi ^8 Lo Sg Hi ^8 Lo 
Percentage of stalk lodging (continued) 
30 2.47 18 28.47 30 1.21 19 29.68 20 2.35 
46 5.96 07 26.00 49 3.64 26 28.66 06 2.43 
20 6.43 28 25.01 43 4.11 27 28.04 47 3.57 
38 7.44 10 24.60 46 6.67 10 25.96 30 5.71 
39 7.99 27 23.91 32 7.17 28 25.72 46 4.19 
Mean 14.89 14.25 
Range 26.00 28.47 
Overall mean 12.37 
LSD (, .01) = : 1.85 for differences between all testcrosses mean 
values 
Percentaae of Drocoed Ears 
fi !l fl fi !i 
16 0.0 27 5.12 16 0.0 20 2.66 6 0.0 
21 0.0 07 3.75 21 0.0 12 2.39 15 0.0 
37 0.0 17 3.63 37 0.0 29 2.09 22 0.0 
42 0.0 31 3.13 42 0.0 31 1.84 26 0.0 
47 0.0 20 2.84 49 0.0 35 1.84 49 0.0 
Mean 1.26 0.67 
Range 5.12 2.66 
Overall mean 1.57 
fe h fs 28 f8 
13 0.0 28 6,67 01 0.0 32 3.13 01 0.0 
14 0.0 15 3.89 13 0.0 07 2.39 25 0.0 
19 0.0 03 3.75 14 0.0 16 1.92 30 0.0 
29 0.0 27 3.32 19 0.0 28 1.88 31 0.0 
34 0.0 31 3.13 42 0.0 17 1.82 42 0.0 
Mean 1.43 0.67 
Range 6.67 
Overall mean 
3.13 
1.69 
LSD (.01) = 0.69 for differences between all testcrosses mean 
values 
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(C0)-222 B73 Mol 7 
S 8 Hi S8 Lo S8 Hi S8 Lo Ss Hi 
23 38.64 20 0.00 19 24.53 49 1.33 12 32.92 
19 38.40 30 0.67 10 23.65 30 2.36 10 26.45 
28 35.83 11 0.98 41 21.21 22 2.43 19 23.86 
10 31.15 31 1.80 26 19.02 06 2.51 07 17.47 
07 30.02 38 2.29 08 15.09 04 2.94 29 16.13 
15. 45 8. 39 8. 82 
26. 29 24. 53 31. 59 
Percentage of Dropped Ears 
fl fl fl fl 
20 9.09 06 0.0 28 5.12 06 0.0 20 9.74 
05 8.95 15 0.0 40 2.38 15 0.0 17 7.83 
33 8.34 21 0.0 41 2.35 22 0.0 04 6.03 
36 5.52 26 0.0 13 1.91 10 0.55 19 5.92 
28 5.23 49 0.0 31 1.91 49 0.58 32 5.63 
2. 54 0. 76 2. 63 
9. 09 5. 12 9. 74 
fa £8 Î8 fs fs 
32 15.76 01 0.0 31 5.40 13 0.0 32 16.98 
16 9.28 13 0.0 35 3.31 14 0.0 20 10.93 
31 8.68 14 0.0 08 2.94 28 0.0 17 7.92 
07 7.68 19 0.0 23 2.32 36 0.0 08 7.31 
34 6.84 22 0.0 32 1.42 42 0.0 27 6.32 
2.99 
15.76 
0.76 
5.40 
2.61 
16.98 
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values also increased, which is what was expected. 
Comparisons of the overall means for each tester show 
that as the gene frequency of the favorable alleles in the 
tester increases the greater its overall testcross mean. It 
was assumed in selecting the testers that Mol7, B73, and 
BS13(S)C1 had higher gene frequencies than BSSS(CO)-222 and 
BSSS(CO). Means of the testcrosses for each tester confirm 
the assumption relative to tester gene frequency because the 
three presumed higher gene frequency testers had higher mean 
values than the two testers assumed to have lower gene fre­
quencies. The relation of testcross mean yield and tester 
gene frequency was observed at both and S g levels of in­
breeding of the lines used to produce the testcrosses. Also, 
most of the testers identified at least one common line at 
the SQ level as being either high or low yielding in test-
cross with each tester. Hence, there seems to be some rela­
tionship between the yield of one line in testcrosses and 
the yield of that same line in testcrosses in later genera­
tions of inbreeding. Jenkins (1935) stated that inbred lines 
acquire their individuality as parents in topcrosses and re­
main relatively stable for combining ability thereafter; my 
results seem to support Jenkins' (1935) conclusion. Testcross 
means also were similar for the two different levels (s^ and 
Sq) of inbreeding. No significant differences between the 
mean yield of the line testcrosses versus the mean yield of 
the Sq line testcrosses made with the same tester were 
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detected. The parameter for determining significance be­
tween the and Sg testcrosses for each tester was the LSD, 
and the results agree with the analyses of variance for most 
of the 10 sets (Table 6), 
Comparisons of means for the other traits were in general 
agreement with the relationships obtained for yield: (1) most 
testers included at least one line in common that was either 
high or low, for each trait, in testcrosses with the differ­
ent testers; (2) all range and mean values for the different 
traits had the same order as the genetic variances for the 
different testers; (3) no definite relationship was obtained 
between yield and the other traits with respect to tester gene 
frequencies and overall mean values; (4) certain relation­
ships existed between the trait of the line testcrosses and 
the same trait for the same line at the Sg level testcrosses 
with the same tester; and (5) no significant differences were 
detected between the means of the and Sg line testcrosses 
for each trait, 
Phenotypic and genotypic correlations for all combinations 
of testers were calculated for all the traits to determine if 
the testers were evaluating the lines in a similar manner for 
each of the traits (Tables 17 to 22). The results indicated 
there were highly significant phenotypic correlations 
between all the testers in their ability to evaluate 
both the and Sg lines for yield (Table 17). It should be 
noted, however, that tester 3 (BSSS(CO)-222) and tester 5 
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Table 17. Phenotypic and genotypic correlations between 
Si and Sg testcrosses among five tester types for 
yield® 
BSSS(CÔ)-
Tester BSSS(CO) BS13(S)C1 222 B73 Mol 7 
BSSS(CO) .18^^^ .48 .18 .20 .42 
j;20) ^^(^.74) (.25) (.22) (.65) 
BS13(S)C1 .57 .12^^^ .48 .24 .51 
(.68) "-.(^17) ^^.71) (.48) (.91) 
BSSS(CO)-222 .50 .35">^ .30 .05 
(.61) (.71) ^L'Gl) (.04) 
B73 .31 .44 .32"^^ .25"" ^  .29 
(.41) (.58) (.37) ^4..56) " >.(.62) 
Mol 7 .48 .53 .59 .56"^ .26^ 
(.64) (.68) (.77) (.78) ^ ^(^35) 
II o
 
o
 
00
 
00
 
for P .05 and 0.115 for P .01 
The r values above the diagonal are for S. testcrosses, 
those below are for Sg testcrosses, and those in the diagonal 
are for vs Sg testcrosses. The genotypic values are in 
parentheses. This same arrangement of values will be followed 
hereafter for the other traits. 
(Mol7) showed no correlation for the ranking of the S^^ lines. 
This may be due to differences in ^ecific combining ability 
of the two testers with respect to the S^ lines tested. 
Tester 3 was a related tester whereas tester 5 was unrelated 
to the S^ lines included in the testcrosses. Each tester, 
however, correlated significantly the yield of the S^ line 
testcrosses with the yield of the Sg line testcrosses; the 
highest correlation was with BSSS(CO)-222. The significant 
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Table 18. Phenotypic and genotypic correlations between 
and Sg testcrosses among five tester types for 
percentage of grain moisture 
BSSS(CO)-
Tester BSSS(CO) BS13(S)C1 222 B73 Mol7 
BSSS(CO) -.00?-. ^ .58 .38 .59 .42 
(-.11) ^>(.76) (.50) (.86) (.56) 
BS13(D)C1 .66^ ». ^  .21^v. .54 .65 .52 
'.76) -X.19) 
•V 
^^j.77) (.82) ( .81) 
BSSS(CO)-222 .42 .64 .36^^ .43 .45 
(.58) (.87) •"-(.45) " -^C^.59) (.62) 
B73 .79 .83 .6^ .25" .51 
(.97) (.98) ( .93) -(.35) ^(.69) 
Mol 7 .32 .51 .36 .61^ ^  ^  .25" 
(.57) (.99) (.65) (1.19) ~(^52) 
rph= 0.088 for P .05 and 0.115 for P .01 
correlations between the and S g line testcrosses indicates 
that each tester ranked the same lines at the Sg level in 
their ability to transmit high or low yield to their test-
crosses. Although the correlations shown in Table 17 were 
generally highly significant, the correlation coefficients 
were not large enough in most instances to have good predic­
tive value among testers and between and Sg lines. One 
exception, however, was the genotypic correlation between 
BS13(S)C1 and Mol7 for the lines (r^ = 0.91). Hence, there 
is not a good relation among the testers in ranking the lines 
in the same order with respect to their ability to transmit 
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Table 19. Phenotypic and genotypic correlations between 
and Sg testcrosses among five tester types for 
percentage of root lodging 
Tester BSSS(CO) BS13(D)C1 
BSSS(CO)-
222 B73 Mol 7 
BSSS(CO) .04^^>. 
(-^12) 
.24 
^^(^92) ( 
.30 
- ) 
.31 
(2.69) 
.18 
(-.06) 
BS13(S)C1 
(.83) 
^ .09^^ 
"4.10) 
.24 .39 
(1.30) 
-.04 
(-.65) 
BSSS(CO)-222 .39 
(.76) 
.41 
(1.34) 
.41"^ ^  
- ) 
.25 
-4 -^) 
-.03 
( - ) 
B73 .27 
(.48) 
.44 
(.81) ( 
.38^ ^  
.94) ^(-!I4) ^  
.19 
^4.24) 
Mol 7 .31 
(.42) 
.43 
(.66) ( 
.25 
.34) 
.39 ^  ^  
(.89) 
-.06" 
"(-.15) 
r V, = 0.088 ph for P .05 and 0.115 for P .01 
low or high yield to their testcrosses. The correlation co­
efficients support the results shown in Table 13; for yield 
there were significant line x tester interactions. But 
most testers identified at least one line that was either 
the highest or the lowest yielding in testcrosses with the 
different testers (Table 16). 
Phenotypic and genotypic correlations among testers for 
the other traits are presented in Tables 18 to 22. The cor­
relation coefficients ranged from -0.65 for percentage of 
root lodging to 3.36 for silking date (Tables 18 to 22). 
Also, there are some genotypic correlations for some traits 
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Table 20. Phenotypic and genotypic correlations between 
and Sg testcrosses among five tester types for 
percentage of stalk lodging 
BSSS(CO)-
Tester BSSS(CO) BS13(S)C1 222 B73 Mol 7 
BSSS(CO) .3&^^ .39 .62 .29 .26 
(.50) ^^(^.55) (1.11) (.36) (.54) 
BS13(S)C1 .72^ ^  .3^" .49 .35 .42 
(.93) "^(..47) ^ -4.97) (.55) (.56) 
BSSS(CO)-222 . 66 .67^ ^  .3^ ^  .39 .47 
(.86) (.80) ^v(.56) 4.73) (1.10) 
B73 .45 .71 .56^ ^  .40 
(.61) (.88) (.66) s( .51) ^4.88) 
Mol 7 .53 .46 .48 .55^ ^  .31^ 
(.74) (.54) ( .68) (.70) ^4.37) 
^ph ~ O'OGG for P .05 and 0.115 for P .01 
Ni 
that were undetermined. In all instances genotypic correlations 
greater than 1.0 were because the genetic variances were very 
small values for some of the testers included in the calcula­
tion of the correlation coefficients (Table 14). Missing 
values occurred because some negative estimates of genetic 
variances were obtained for one of the testers included in 
determining the correlation coefficients. 
Correlation coefficients between the mean yield of each 
tester versus the mean yield of the remaining four testers 
are shown in Table 23. At both and Sg inbreeding levels, 
each tester correlated significantly with the other four 
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Table 21. Phenotypic and genotypic correlations between 
and Sg testcrosses among five tester types for 
percentage dropped ears 
Tester BSSS(CO) BS13(S)C1 
BSSS(CO)-
222 B73 Mol7 
BSSS(CO) .18"^ ^ .05 .24 .19 .31 
(.43) (-.07) (.75) (.52) (.89) 
BS13(S)C1 .27'"^, .08"" .25 .09 .18 
(1.07) -4.32) 
X. 
"N(.99) 
N, (1.10) ( .87) 
BSSS(CO)-222 .33 .02 ^ .31 .19 
(.87) (1.64) ^<.12) ^(.53) (.46) 
B73 .29 .07 .01 ^ .16 .10 
(2.00) (.89) (-.006) "(1.93) ^ ^.43) 
"N. 
Mol 7 .25 .31 .48 .21^" ^  .41* 
(.60) (.52) (.68) (.74) ^ <.87) 
<x
> GO o
 
o
 
II for P .05 and 0.115 for P .01 
N, 
testers. The highest correlation coefficient was for tester 
2 (BS13(S)C1) with the other four testers at both the and 
Sg inbreeding levels. Significant correlations suggest that 
either one tester or the average of other four testers may be 
used to evaluate either the S^ or the Sg lines for yield 
(Table 23). Comparisons of the correlations between the 
narrow genetic-base testers (3 + 4 + 5) versus the broad 
genetic-base testers (1 + 2) showed that each tester, except 
tester 4 at the S^ level, had highly significant correlations 
at the 1% probability level. These significant correlations 
indicate that either a narrow or a broad genetic-base tester 
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Table 22, Phenotypic and genotypic correlations between 
and S8 testcrosses among five tester types for 
silking date 
BSSS(CO)-
Tester BSSS(CO) BS13(S)C1 222 B73 Mol 7 
BSSS(CO) .12 
(.10) 
•V. 
,50 
^^(.74) 
.55 
(.78) 
.64 
(.86) 
,30 
(.32) 
BS13(S)C1 .64 
(.89) (:24) 
s. 
.43 
"v(^.57) 
.65 
(.89) 
.43 
(.58) 
BSSS(CO)-222 .59 
(.68) 
.67 
(.73) 
.45"" 
^^(.54) 
V. 
^ ,63 
""-^.75) 
.33 
(.39) 
B73 .59 
(.83) 
.75 
(.87) 
.67^ 
(.69) 
.2^ ^ 
^>.(.19) 
.57 
^-(..74) 
Mol 7 .05 
(.17) 
.15 
(1.10) 
.10 
(.68) 
.26""^ 
(2,00) 
.29 
^(3,36) 
r^v. = 0,113 for P ,05 and 0,148 for P ,01 
is reliable for estimating the general combining ability of 
the lines. Nonsignificant correlations of B73, tester 4, 
with testers 1+2 show that the high yielding inbred tester 
did not rank the lines in the same order as the average 
of the broad genetic-base testers. On the average, however, 
we found that both narrow (T3 + T4) versus broad (T1 + T2) 
genetic-base testers were reliable for estimating the general 
combining ability of the lines because the correlation coef­
ficients were highly significant at the 1% probability 
level for the and Sg lines. At the S g level, the related 
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Table 23. Correlation coefficients between the mean yield 
of one or two testers vs the mean yield of four 
or two testers, respectively, at each of two in­
breeding levels 
Testers 
lEk. 
'8 
Tl vs T^ + ^3 
+ 
^4 
+ 
^5 0.50** 0.52** 
•^2 vs T 
+. 
^3 
+ 
^4 
+ 
^5 0.63** 0.69** 
^3 vs T 
+ 
^2 
+ 
^4 + ^5 0.36** 0.68** 
vs T + 
^2 
+ 
^3 
+ TS 0.35* 0.54** 
^5 vs T 
+ 
^2 
+ 
^3 
+ TS 0.43** 0.58** 
^3 vs T 
+ 
^2 0.43** 0.62** 
vs T + 
^2 0,27 0.44** 
•^5 vs T 
+ 
•^2 0.55** 0.49** 
^1 + ^2 vs ^ 3 
+ 
^4 0.44** 0.62** 
®T^ = broad genetic-base (BSSS(CO)), related; Tg = im­
proved broad genetic-base (BS13(S)Cl), related; Tg = low 
yielding related inbred line (BSSS(CO)-222); T^ = high yield­
ing related inbred line (B73); and Tg = high yielding unre­
lated inbred line (mol7). 
*,**Significant at the 5% and 1% probability level, 
respectively. 
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narrow genetic-base testers (3 + 4) had a significant corre­
lation of r = 0,62 with the broad genetic-base testers (1 + 
2) (Table 23). 
Mean yield of the five highest and five lowest lines 
per se. and their Sg testcrosses with the five different 
testers, and the phenotypic and the genotypic correlations 
between the mean yield of the Sy lines per se and their Sg 
testcrosses are shown in Table 24, None of the testers 
identified any of the Sy lines as being the highest or lowest 
yielding line per se and in testcrosses (Table 24). The 
ranking of the lines per se and the Sg line testcrosses 
supported the low phenotypic and genotypic correlations ob­
served between the mean yield of the lines per se and their 
Sg line testcrosses (bottom two lines of Table 24). Only 
the original source population (BSSS(CO)) used as a 
tester had significant phenotypic correlations between 
lines per se performance and testcrosses of 0.13 and 0,17, 
respectively. But these correlation coefficients were too 
low to be of predictive value (r = 1,7 and 2,9%, respective­
ly). Horner et al. (1977) suggested that very low correla­
tions between the yield of the lines per se and the yield of 
their testcrosses may occur because of the greater interac­
tion of inbred lines with environments. 
Table 24. Mean yield (q/ha) of the five lowest (Lo) and five highest (Hi) 
lines per se and their Sg testcrosses with five testers 
Lines per se Tl ^2 T3 T4 T5 
S? Lo ^8 Hi ^8 Lo ^8 Lo «8 Lo ^8 Lo 
31 -6.95 30 39.31 30 51.57 05 45.43 35 58.27 42 63.78 
12 8.56 18 43.00 49 56.19 47 46.40 30 58.27 30 63.85 
06 8.59 22 43.22 35 57.57 12 48.42 13 58.89 20 64.72 
17 9.29 49 46.22 13 58.62 49 48.63 05 63.92 10 67.64 
14 9.37 04 47.20 26 59.91 30 49.43 01 64.80 06 67.88 
S7 Hi ^8 Hi ^8 Hi ^8 Hi ^8 Hi ^8 Hi 
37 36.84 46 73.75 48 81.51 46 74.82 36 83.55 39 91.12 
18 33.98 43 69.92 43 81.41 11 71.85 42 82.39 36 90.77 
41 32.38 39 68.91 25 78.01 43 70.92 43 82.12 29 90.62 
02 29.96 11 68.66 27 77.86 38 70.40 40 80.59 25 89.94 
40 29.76 40 66.03 39 77.01 44 68.42 03 80.21 38 87.98 
Mean 19.22 56.93 68.06 58.89 72.13 77.80 
.13* .06 —. 06 .07 -.02 
^9 
.17 .10 -.09 .07 -.04 
^rpj^ and r^ are the phenotypic and genotypic correlation coefficients of the 
yl with T^, Tg, Tg, T^, and Tg, respectively. 
*Significant at the 5% probability level. 
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DISCUSSION 
Choice of the appropriate tester for evaluation of in­
bred lines has been of major concern among maize breeders 
since the inbred line-hybrid concept was developed. Use of 
the correct tester is important because we want to select 
lines with high combining ability, but especially to maximize 
yield in specific combinations of elite inbred lines. Use of 
broad genetic-base testers (populations, synthetics, etc.), 
supposedly greater in heterozygosity and heterogeneity, have 
been commonly used to select lines high in general combining 
ability (GCA). Narrow genetic-base testers (inbred lines and 
single crosses), on the other hand, are supposedly useful only 
for final evaluation of those lines selected based on their 
high GCA because these testers are emphasizing specific com­
bining ability (SCA) or nonadditive effects. Lonnquist and 
Rumbaugh (1958) presented evidence favoring the procedure 
of screening new lines for GCA first, followed by tests for 
SCA among the selected lines. Matzinger (1953) reported that 
the magnitude of the interaction of narrow genetic-base 
tester x line would be an undesirable attribute to select 
lines high for GCA. From a group of selected inbred lines, 
Matzinger (1953) reported that as the heterogeneity of the 
tester increases, the estimated variance component for the 
line X tester interaction decreases. In this study, we 
found results similar to those of Matzinger (1953) with 
110 
respect to different line x tester interaction (Table 14). 
One exception, however, was that the estimated variance com­
ponent of the Sg line x testers (4 + 5, or narrow genetic-
base testers) was smaller than the estimated variance com­
ponent of the Sg line x testers (1 + 2, or broad genetic-base 
testers) for all the traits except percentage of stalk lodg­
ing and percentage of dropped ears. Also, a significant 
correlation coefficient (r = 0.62) was found between the mean 
yield of the two related narrow genetic-base testers (3+4) 
with the two broad genetic-base testers (1 + 2) (Table 23). 
These correlations indicated, therefore, that with narrow 
genetic-base testers we should be able to screen new lines 
not only for SCA but also for GCA. Research conducted by 
Horner et al. (1973, 1976), Russell et al. (1973), Hoegemeyer 
and Hallauer (1976), and Walejko and Russell (1977) have 
shown that gain from selection with inbred testers was mainly 
due to additive rather than due to nonadditive gene effects. 
Tester gene frequency of favorable alleles has been one 
of the most important criterion used for the choice of 
testers. Rawlings and Thompson (1962) demonstrated, the­
oretically, that the lower the gene frequency of favorable 
alleles in the tester, the greater the genetic variance among 
their testcrosses. Their conclusion was based on the assump­
tion of no epistasis and level of dominance ranging from 
partial to complete. High genetic variance among testcrosses 
will result, however, when gene frequency of favorable 
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alleles in the tester is high, but assuming overdominance. 
In this study, I found greater genetic variances for 
yield among line testcrosses with use of the lowest yield­
ing inbred tester (BSSS(CO)-222), than with the high yielding 
tester (B73) (Table 15). The largest genetic variance among 
testcrosses resulted, however, with «the use of the unrelated 
inbred tester, Mol7, Greater genetic variance among Sg line 
testcrosses made with the lowest yielding inbred line tester 
(BSSS(CO)-222) than with the highest inbred tester (B73) also 
was observed (Table 15). The source population, however, 
used as a tester (BSSS(CO)) had the greatest Sg line test-
cross genetic variance, which indicates the gene frequency of 
favorable alleles in BSSS(CO) may be below p = 0.5. Genetic 
variance of the Sg line testcrosses with Mol7 was about the 
same as for the line testcrosses. Components of variance 
among testcrosses made with the improved population 
(BS13(S)C1) as the tester were similar for both the and 
Sg line testcrosses; the estimates were intermediate to those 
obtained with the low (BSSS(CO)-222) and the high yielding 
(B73) inbred testers. Results of the variation among test-
crosses, therefore, agree with the theory developed by 
Rawlings and Thompson (1962) with respect to the effect of 
tester gene frequency on their testcrosses with lines related 
to the tester. Relatively large genetic variances among 
testcrosses, however, also were obtained when an unrelated 
tester (Mol7) was used. Assumed gene frequency of favorable 
112 
alleles of Mol7 with those of Iowa Stiff Stalk Synthetic is 
unknown* but the expression of heterosis realized in crosses 
of Mol7 with lines derived from Iowa Stiff Stalk Synthetic 
suggests that Mol7 differs in gene frequency from BSSS(CO) 
at several major loci. The relative large variance of Mol7 
test crosses at both the S^^ and S g levels suggests that Mol 7 
either differs in gene frequency for many loci or different 
alleles are present in Mol7; both factors probably contributed 
to the large testcross variation for Mol7 used as a tester. 
Darrah et al. (1972) and Horner et al. (1973) have re­
ported that the genetic variance among testcrosses was about 
twice as large when inbred testers were used as when a non-
inbred population tester was used in intrapopulation recur­
rent selection programs. Gene frequency of zero at many loci 
in the inbred lines and intermediate gene frequency at most 
loci in the broad genetic-base tester was the explanation 
for their results. Lonnquist and Lindsey (1970) presented 
evidence in support of a low yielding inbred line as a tester 
for the evaluation of lines in a population improvement pro­
gram. From my results we can also encourage the use of a 
low gene frequency tester if the genetic variance among test-
crosses is used as the only criterion to select one tester. 
Low yielding inbred lines per se are supposed to meet this 
requirement, i.e., homozygous recessive at most loci. Low 
yielding testers, however, many times are associated with 
poor agronomic characteristics and breeders usually discard 
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them early during the inbreeding in the formation of the 
lines. On the other hand, breeders are interested in select­
ing inbred lines that show high yield per se and when test-
crossed with other commercially used elite inbred lines, 
that is, select lines with high general combining ability. 
Hence, low yielding inbred lines per se may be inefficient 
as testers because most likely they are not being used in 
commercial hybrid seed production. Low-yielding testers may 
provide for greater discrimination among lines, but such a 
tester would have limited usefulness. Therefore, it seems 
that based on genetic variance among testcrosses we should 
not use the high yielding related inbred line, but the high 
yielding unrelated inbred line as a tester. In this case 
use Mol7 instead of B73 to select lines from BSSS, or use 
B73 to select lines from a population other than BSSS, such as 
'Lancaster Surecrop*. This reasoning is based on the fact 
that with Mol7 as a tester we obtained the highest genetic 
variance among S^ line testcrosses (25.88), and the genetic 
variance among testcrosses remained relatively the same with 
the Sg line testcrosses (29.84) (Table 15). These conclu­
sions are in agreement with the testing procedures generally 
used in maize breeding programs committed to the development 
of single-cross hybrids. It is desirable to have high yield­
ing inbred lines per jgg but we also are interested in identi­
fying single-cross hybrids with high SCA. For this purpose, 
we found that not only with the broad genetic-base testers 
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but also with the narrow genetic-base testers we could screen 
new lines for high GCA. Therefore, narrow genetic-base 
testers would be preferable over broad genetic-base testers 
because of their use in single-cross hybrids. Hoegemeyer 
and Hallauer (1976) reported effective selection for SCA in 
specific single-cross hybrids, but the SCA effects were small 
compared to the GCA effects. 
Choice of the appropriate tester should not rely entirely 
on the magnitude of the genetic variance but also on the rela­
tive ranges and mean values for the traits under consideration. 
The genetic variance of the testcrosses increased as the range 
for mean values for all the traits also increased (Table 16). 
It was expected, however, that the ranges and genetic variance 
estimates should be similar. For instance, the Mol7 test-
crosses had the largest line testcross genetic variance 
for yield of 25.88 (Table 15), and the greatest range for 
mean yield of 31.80 q/ha (Table 16). Hence, greater oppor­
tunity to discriminate among the lines occurred from use 
of Mol7 as the tester than from the use of any other tester. 
For the Sg lines. Mol7 and the source population used as the 
testers had similar estimates of genetic variance among test-
crosses and ranges of means of testcrosses. 
Comparisons of the overall mean yield of the testcrosses 
for each tester showed that the higher the gene frequency of 
favorable alleles in the tester, and the more unrelated the 
tester, the greater the testcrosses means. For instance. 
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with the unrelated tester (Mol7), the testcross mean yields 
for both the and the S g lines were the greatest of the 
five sets of testcrosses; yields were 78,14 q/ha for the 
line testcrosses and 77,80 q/ha for the Sg line testcrosses 
(Table 16), Lowest testcross mean yields were obtained with 
the source population tester (BSSS(CO)) with and Sg line 
testcross mean yields of 57,91 and 56,93 q/ha, respectively. 
Because the lines included for the testcrosses were developed 
from BSSS(CO), the differences in gene frequency should not 
be great if sampling was adequate; hence, it is not surpris­
ing that the yields were lower for the BSSS(CO) testcrosses. 
BSSS(CO)-222 and B73 are two genotypes from the BSSS(CO) 
population and the gene frequency for many loci would be ex­
pected to be different; hence, greater yields from use of 
the two related inbred testers. Mean testcross yields are 
not as important as the ability of the testers to discriminate 
among lines for their relative combining ability for yield. 
Although variation among testcrosses is more important than 
mean yields of testcrosses, mean yield is important in breed­
ing programs if the tester is an important parental seed 
stock for producing commercial hybrids. Therefore, it seems 
that the unrelated tester (Mol7) has the necessary require­
ments for a suitable testers greater testcross genetic vari­
ance, high range of mean yields among testcrosses, and high 
average yield. Furthermore, with an unrelated tester, in 
this case Mol7, we are incorporating more genetic diversity 
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to the testcrosses. With unrelated testers we also are ex­
ploiting the heterosis phenomenon which in most cases has 
been found to be higher among unrelated than among related 
genetic material (Hayes and Johnson* 1939; Johnson and Hayes, 
1940; Cowan, 1943). 
The Mol7 testcrosses* however, did have highly signifi­
cant genotype x environment interaction for both the and 
Sg line testcrosses* but the relative magnitude did not differ 
top much from that obtained with the broad genetic-base 
testers* as it was expected (Federer and Sprague* 1947; 
Sprague and Federer, 1951; Eberhart and Russell, 1969). 
Eberhart (1969) suggested, however, that we must give con­
siderable attention to selecting single crosses, narrow 
genetic testcrosses, with stability due to genetic factors 
because single crosses do not have population buffering. To 
accomplish this, an extensive testing program will be required. 
High yielding unrelated inbred testers may not only be 
used to evaluate a set of inbred lines that had been obtained 
by some kind of selection, but they also may be used for an 
intra- or an interpopulation improvement program. The unre­
lated inbred line Mol7 used as a tester had the largest 
testcross genetic variances, mean values, and range testcross 
means for yield. Research by Horner et al. (1973* 1976), 
Russell and Eberhart (1975), Hoegemeyer and Hallauer (1976)* 
and Walejko and Russell (1977) has shown that use of an inbred 
line as a tester was effective for selecting lines with good 
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combining ability; good combining ability was realized not 
only with the tester used» but also with other elite lines, 
indicating that selection was primarily for general combining 
ability. 
If high yielding unrelated testers are not available, 
however, it seems use of the improved population (e.g., 
BS13(S)C1) as a tester would be a viable alternative as the 
cycles of selection are continued. Although the genetic 
variation among testcrosses for BS13(S)C1 was less than for 
the low yield related inbred tester (BSSS(CO)-222) and the 
unrelated inbred tester (MD17), the genetic variation among 
testcrosses for BS13(S)C1 tester was about 2.5 times greater 
than for high yield related tester (B73). Russell and Eberhart 
(1975) and Walejko and Russell (1977) suggested that selection 
for combining ability is primarily for additive effects. 
Hence, inbred line testers could be replaced by other testers 
without changing the relative merit of previously selected 
lines. My data lend some support to this argument because 
I found that in general most of the testers identified at 
least one or S g line as being either the highest or the 
lowest yielding line in testcrosses (Table 16). Therefore, 
either the original or the improved population could be used 
as the tester initially to identify lines having good GCA; 
other elite line testers could be used in later evaluations 
of the selected sample of lines. 
Use of more than one different kind of tester has been 
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commonly proposed for the evaluation of lines for GCA. In 
ray study, I found that the phenotypic correlations between 
different and Sq line testcrosses were in most instances 
highly significant (Tables 17 and 23), indicating that there 
was some relationship between the different testers in 
ranking the lines; the one exception was the testcrosses 
made with testers 3 (BSSS(C0)-222) and 5 (Mol7), which 
showed almost no correlation (Table 17). Phenotypic corre­
lations from Table 17, although significant, were not con­
sistently high. Except for the genotypic correlations between 
BS13(S)C1 and Mol7 testers for lines (r^ = 0.91), most of 
the correlations would not have good predictive value among 
testers, indicating the testers did not consistently rank the 
lines in similar order. Research conducted by Green (1948), 
Keller (1949), Singh (1958), and Lonnquist and Lindsey (1964) 
also reported correlations between sets of testcrosses that 
were too low to be of predictive value. Hence, as stated by 
Russell (1969), early generation testing for the preliminary 
evaluation for GCA may be of little value unless the selected 
lines are used in hybrid combination with other materials 
that are closely related to the tester. 
Significant, although small in most instances, pheno­
typic correlations between the S^ line versus Sg line 
testcrosses made with the same tester is an indication 
that some lines acquired their individuality as parents in 
topcrosses early during the inbreeding process and remained 
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relatively stable in combining ability thereafter, as stated 
by Jenkins (1935). Jenkins' (1935) conclusions were based 
on selected lines, whereas the correlations in Table 17 were 
based on unselected lines. Although the correlations in 
Table 17 were significant, they were not good for predicting 
testcross performance of Sg lines based on line testcross 
performance. Therefore, it will always be necessary to test 
selected lines in topcrosses in later generations of the 
inbreeding program, because lines selected based on their 
testcross in early generation of inbreeding may not be the 
greatest yielding at higher levels of inbreeding. For in­
stance, none of the testers identified the line number 39 as 
being the highest yielding at the level, but at the Sg 
level it produced the highest yielding testcross with Mol7 
(91.12 q/ha) (Table 16). Hence, my results for a set of un­
selected lines does not support the conclusions of Jenkins 
(1935), Johnson and Hayes (1940), Sprague (1946), and Green 
(1948) that combining ability is a heritable trait. My re­
sults, however, lend support to the conclusions of Richey 
(1945), Singleton and Nelson (1945), and Payne and Hayes 
(1949) who questioned the value of early testing for combining 
ability. From my data, we can conclude, however, that early 
testing may be justified only if the purpose of early testing 
is to assign lines into two groups (i.e., high and low yield­
ing groups) because there was some relationship between the 
mean yield of the S^ line and Sg line testcrosses made with 
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the same tester (Table 16). The proponents of early testing 
indicated that the main value of early testing was to discard 
obviously poor combining lines. Lonnquist*s (1950) data 
support the use of early testing for this purpose of separat­
ing the low and the high yielding lines, and continue 
breeding among the high yielding line group. 
Testers should not be selected based on their yielding 
ability per se. but also in some other important agronomic 
characteristics. In this study genetic variances, means, and 
phenotypic and genotypic correlations for all different kinds 
of testcrosses and for all the other traits (percentage of 
grain moisture, percentage of root and stalk lodging, percent­
age of dropped ears, and silking date) also were determined. 
For the results for traits other than yield the same rela­
tionship occurred among testers in ranking the lines with 
respect to the other traits. No tester had, however, all of 
the good attributes that may be desired to have in test-
crosses; that is, high genetic variances, high mean yield, 
low percentage of dropped ears, root and stalking lodging, 
and silking date. This is explained mainly because testers 
were selected based on their yielding ability as inbred lines 
(testers 3, 4, and 5) or broad genetic-base testers (testers 
1 and 2) versus narrow genetic-base testbrs (testers 3, 4, 
and 5). Therefore, no further discussion will be presented 
on the differences between the different testcrosses with 
respect to the other traits. 
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The relationship between the mean yield of the Sy lines 
per se and the mean yield of the same lines, b{it at the S g 
level, in testcrosses with the five different testers were 
examined. Phenotypic and genotypic correlations were deter­
mined for this relationship and were presented in Table 24. 
There was no relationship between the mean yield of the 
lines pey sg and their Sg line testcrosses (Table 24). These 
results suggest, therefore, that we should evaluate our inbred 
lines in testcross combinations, because the potential impor­
tance of an inbred line includes not only line performance 
per se but also their combining ability with other elite 
lines. Both line per se performance and testcross performance 
are important for use of the lines in commercial seed produc­
tion. These conclusions, therefore, may question the now 
widely accepted method of or Sg testing. If, after each 
generation of selection, lines are selected based on their 
yielding ability per se. then we may lose some lines which 
probably will yield better in testcross combination. Pre­
liminary results comparing and half-sib selection do not 
show, however, that combining ability is reduced by or Sg 
selection (e.g.. Burton et al., 1971). Loss of the lines 
will be greater at higher levels of inbreeding because no 
correlation between the yield of the S^ lines per se and 
their Sg line testcrosses was obtained (Table 24). Gama and 
Hallauer (1977) also failed to detect any correlation of pre­
dictive value between the yield of a set of unselected S^ 
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lines and their single-cross hybrids. Use of or Sg testing 
is based on the theoretical grounds that higher genetic vari­
ances are obtained with this method over the testcrosses 
(Efflpig et al., 1971), Evidence, however, favoring the use 
of testcrossing over or Sg testing has been presented by 
Lonnquist and Lindsey (1964), Lonnquist (1968), Horner et al. 
(1973), and Center and Eberhart (1974). 
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SUMMARY AND CONCLUSIONS 
Choice of the appropriate tester has been one of the 
major topics of discussion among maize breeders for many 
years. In this study I used 50 unselected S^ and the same 
50 unselected S^ lines at the Sg level in testcrosses to 
four testers related to these lines and to one tester unre­
lated to the lines. Thus, 250 S^ testcrosses and 250 Sg 
testcrosses were produced and tested. 
The 500 testcrosses were divided into 10 sets, each set 
including 25 S^ and 25 Sg line testcrosses. All 10 sets were 
evaluated in five Iowa environments during 1976 and 1978. 
Data were collected for six traits in all environments and 
for silking date in three environments. 
Analyses of variance were computed for each trait to de­
termine if there were significant differences among S^ line 
testcrosses, among Sg line testcrosses, and between S^ line 
versus Sg line testcrosses. Estimates of variance components 
for S^ and Sg lines and their interactions with testers also 
were computed for all traits. Estimates of components of 
variance for all different S^ and Sg line testcrosses and 
their interactions with environments for all traits also were 
computed. Data also were used to determine phenotypic and 
genotypic correlations between the different S^^ line and Sg 
line testcrosses, and between S^ line versus Sg line test-
crosses for all the traits. Mean yield data of the Sy lines 
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per se (recorded by Obilana, 1972) also were used to compute 
phenotypic and genotypic correlations with each of the five 
different Sg testcrosses. 
My data showed that with an unselected group of and 
Sg lines that there were no significant differences for most 
of the traits when comparing the line versus Sg line 
testcrosses. However, significant differences among the 
line testcrosses and among the Sg line testcrosses were found 
for all traits. 
Comparisons of the genetic components of variance of the 
Sj^ versus the Sg lines showed that the genetic variance among 
Sg lines was about twice as great as the genetic variance 
among S^ lines for all traits. Higher inbreeding coefficient 
of the S g lines over the S^^ lines was the reason for the dif­
ference in the estimates of the S^ and Sg line components of 
genetic variance. 
Significant S^ and Sg line x tester interactions were 
found for yield and grain moisture, indicating that the 
testers did not rank the lines in the same order with respect 
to their ability to transmit these two traits to their test-
crosses. In all instances, variance component estimates of 
lines were greater than their respective line x tester inter­
actions, indicating additive gene action was more important 
than nonadditive gene action in causing differences among 
our testcrosses. 
Comparing the estimates of genetic variances of the S^^ 
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line and Sg line testcrosses, I found that for the related 
testers that the testcrosses made with the lowest yielding 
tester showed greater genetic variance than those testcrosses 
made with the greatest yielding tester at both the and Sg 
levels. The unrelated tester, however, had the greatest 
line testcrosses. Hence, it was concluded that with related 
material the theory that relates the tester's gene frequency 
with the variance among testcrosses was correct. That is, 
the lower the tester gene frequency of favorable alleles, 
the greater its testcross genetic variance. For the unrelated 
tester, however, there was a confounding of gene frequency 
and different alleles with the other materials included in 
the study. The large genetic variance among testcrosses of 
the unrelated tester indicates the unrelated tester either 
had low gene frequency compared with the lines under test or 
the unrelated tester had different alleles at many of the 
important loci. 
High range of testcrosses mean values were always 
associated with high genetic variances of those same test-
crosses. Hence, the largest genetic variance of testcrosses 
was associated with the greatest range on mean values for the 
trait considered, and, consequently, the greater the oppor­
tunity to discriminate among testcrosses. The greater range 
of testcross means would be expected to be associated with 
greater testcross variance components. 
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Data also showed that the higher the gene frequency of 
the favorable alleles in the tester, and the more the unre­
lated the tester is with the lines being tested, the higher 
will be the testcross mean values observed with these testers. 
It was found that most of the testers identified at least 
one common line as being among the five highest or the five 
lowest in its mean value for all the traits in testcrosses 
with the five testers. Testers also identified at least one 
common line at the Sg level as being among the five highest 
or five lowest in its mean value in testcross with each tester. 
These relationships were confirmed with the phenotypic 
correlations which were highly significant in most 
instances, but not too high to be of predictive value. Sig­
nificant correlations between the line testcrosses and the 
Sg line testcrosses for each tester indicated that each tester 
was effective in identifying only some of the same lines 
at the Sg level as being either high yielding or low yielding, 
since the correlation coefficients, although significant, were 
not too large for predictive purposes. It seemed, therefore, 
that some lines acquired their individuality as parents in 
testcrosses at the level and remained the same in their 
combining ability when evaluated at the Sg level. It also 
was found that there was no significant correlation between 
the mean yield of the S^ lines pey se with the mean yield of 
each of the five different Sg testcrosses. 
Based on all these results it was concluded that use of 
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an unrelated high yielding inbred line as a tester may be the 
best choice of tester to evaluate a set of inbred lines for 
use in hybrids. If an unrelated tester was desired for a 
population improvement program, it would be effective in dis­
criminating among lines. Unrelated high yielding lines as 
a tester yieli testcrosses that are high in genetic variance 
for yield, high in their mean yields, high in their range of 
mean values, and also correlate significantly well with most 
of the testers included, except with the related low yielding 
line. 
It was also concluded that it will always be necessary 
to evaluate lines in testcrosses because the relation between 
line performance per se and in testcrosses was low (r^^ = 
-.06 to .13). Line performance per se was not indicative of 
performance in testcrosses. Furthermore, if high inbred lines 
are to be released as parents for hybrids, then testing of 
the lines in later generations of inbreeding also will be 
necessary because the correlation coefficients between the 
and Sg testcrosses for each tester (r^^ = .14 to .35, for 
yield) were low. Also, testing should be conducted in as many 
different environments as possible, because there was a 
significant genotype x environment interaction for all sets 
of testcrosses• 
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APPENDIX 
Table Al. Analyses of variance for yield (q/ha) for 50 and Sg entries included 
in 10 sets in each environment 
Source of 
variation 
Environments' 
d.f. 76058 76009 78062 78063 78064 
9 2115.13 625.45 701.96 1912.66 113.39 
10 276.97 167.93 116.59 118.95 380.64 
490 194.32** 361.96** 378.82** 316.93** 245.53** 
10 118.50 171.07 211.19* 260.95** 188.99** 
240 166.22** 318.93** 328.87** 308.63** 231.15** 
40 184.75** 220.44** 276.82** 258.58** 220.13** 
4 2494.27** 10977.81** 11074.64** 10699.05** 5691.07** 
36 149.62 88.39 177.37 130.28 142.71 
160 107.12** 128.95** 107.57** 100.21** 116.59** 
240 225.57** 415.03** 435.75** 327.71** 262.56** 
40 344.65** 602.57** 562.61** 317.15** 284.61* 
4 3185.24** 12815.86** 11359.37** 11163.82** 5756.87** 
36 222.20* 122.40 229.23 111.82 151.82 
160 122.57** 124.00** 177.41** 102.38** 135.64** 
490 89.30 81.67 98.82 87.22 88.73 
61.07 81.62 71.72 54.73 67.11 
15.47 11.07 13.85 17.06 14.03 
Sets (S) 
Replications/S 
Entries/S 
S, vs Sft TC/S 
Si TC/S^ 
Si lines/S (L^/S) 
Testers (T) 
T X S 
Li X T/S 
!8 TC/S 
S8 lines/S (Lg/S) 
Testers (T) 
T X S 
Lb X T/S 
Pooled error 
Mean 
C.V. 
76059 = Ames Agronomy Farm (1976), 76059 = Ankeny (1976), 78062 = Ames 
Agronomy Farm (1978), 78063 = Ames Atomic Energy Farm (1978), 78064 = Martinsburg 
(1978). This same nomenclature will be used hereafter for the other traits. 
*,**Significant and highly significant at 5 and 1% probability level, respec­
tively, in this and subsequent tablés in the Appendix. 
Table A2, Analysis of variance for percentage grain moisture for 50 and Sg 
entries included in 10 sets in each environment 
source or 
variation d.f, 76058 76059 78062 78063 78064 
Sets (S) 9 200.61 95.13 70.41 48.64 26.72 
Replications/S 10 13.01 9.61 13.23 18.31 81.48 
Entries/S 490 10.60** 10.63** 6.23** 2.32** 4.43** 
vs SgTC/S 10 8.87** 11.31** 9.27** 2.35** 5.11* 
TC/S 240 9.42** 9.21** 2.53 2.03** 3.76** 
lines/S (L^/S 40 17.54** 15.90** 3.76 2.56** 5.80** 
Testers (T) 4 124.24** 188.87** 35.53** 29.46** 63.21** 
T X S 36 9.57** 4.67 1.83 1.44 2.19 
X T/S 160 4.49** 4.07** 1.55 1.34** 2.11 
Sg TC/S 240 11.86** 12.03** 9.80** 2.60** 5.09** 
Sg lines/S (Lg/S) 40 27.67** 31.98** 11.49** 4.81** 10.10** 
Testers (T) 4 185.49** 215.92** 40.40 40.18** 48.67** 
T X S 36 8.50** 4.19 9.23 1.20 3.46 
Lg X T/S 160 4.32** 3.71** 8.24** 1.39** 3.04** 
Pooled error 490 2.89 2.23 4.98 1.05 2.55 
Mean 20.67 22.90 16.84 15.89 19.21 
C.V. 8.23 6.52 13.25 6.46 8.31 
Table A3. Analysis of variance for percentage of root lodging for 50 S. and 
entries included in 10 sets in each environment 
source Of Environments 
variation d.f. 76058 76059 78062 78063 78064 
Sets 9 533.97 16.51 105.85 810.97 341.84 
Replications/S 10 93.67 2.64 32.68 306.58 54.32 
Entries/S 490 122.03** 6.97** 46.63** 270.47** 75.02** 
vs S g TC/S 10 202.85** 8.46 51.96* 358.92 82.35* 
TC/S 240 88.23** 6.49** 43.48** 299.15** 75.21** 
S^ lines/S (L^/S) 40 182.81** 6.43 38.68* 401.21** 102.82** 
Testers (T) 4 319.08 31.11 843.77** 1255.17 511.37* 
T X S 36 67.80 6.22 30.07 332.55 76.97 
X T/S 160 63.41** 5.95** 27.68** 241.86** 56.89** 
Sg TC/S 240 152.45** 7.39** 49.01** 237.68** 74.52** 
Sg lines/S (Lg/S) 40 399.47** 13.62** 67.90** 297.35 124.04** 
Testers (T) 4 858.48* 14.22 768.33** 778.82 237.16 
T X S 36 92.26 6.19 35.11 264.00 20.36 
Lg X T/S 160 86.59** 5.93** 29.44** 202.44 60.83** 
Pooled error 490 54.94 5.06 27.26 224.99 38.72 
Mean 6.46 0.72 2.96 9.41 4.45 
C.V. 114.93 311.65 175.88 159.30 139.80 
Table A4, Analysis of variance for percentage stalk lodging for 50 S_ and Sg 
entries included in 10 sets in each environment 
Environments Source of 
variation d.f. 76058 76059 78062 78063 78064 
Sets (S) 9 
00 o
 .14 1388 .82 1514, .15 690, .36 1166, .19 
Replications/S 10 92, .02 161 .46 160, .64 69. 80 399, .90 
Entries/S 490 82, .60** 313 .50** 178, .36** 124, .25** 282, .51** 
S^ vs Sg TC/S 10 87, .95 576 .82** 794, .68** 131, .96 368, .11** 
S^ TC/S 240 81, .50** 269. 27** 166, .80** 97, .72** 225i .36** 
S^ lines/S (L^/S) 40 142, .27** 527 .60** 253, .07** 83, .20 266, .55** 
Testers (T) 4 146, .46 2821 .02** 1977, .70** 1373, .64** 2533, .53** 
T X S 36 59, .52 179 .80 81, .39 73, .30 200, .19 
X T/S 160 69, .63** 161 .02** 119, .18** 74. 81** 162, .63** 
Sg TC/S 240 83, 48** 346 .76 185, .07** 150, .79** 337, .42** 
Sg lines/S (Lg/S) 40 210, 87** 1003 .23** 373, .49** 282, .10** 829. 64** 
Testers (T) 4 103. 20 2740 .93** 1557, .19** 1460, .53** 1669, .65* 
T X S 36 53, 86 235 .47* 152, .58 40, .50 171, .64 
Lg X T/S 160 57. 80** 147 .83** 110, .98** 108. 98** 214. ,52** 
Pooled error 490 50, .74 114 .55 84, .55 72. .66 131. 19 
Mean 6. 39 14 .48 12. 47 9. ,73 18. 64 
C.V. 111. ,33 73 .91 73. 68 87. ,56 61. ,42 
Table A5, Analysis of variance for percentage of dropped ears for 50 SL and Sg 
entries included in 10 sets in each environment 
Environments 
source or 
variation d . f .  76058 76059 78062 78-63 78064 
Sets (S) 9 41.71 8.40 116.14 23.31 162.62 
Replications/S 10 3.16 1.75 25.71 7.14 20.99 
Entries/S 490 13.99** 2.72** 25.33** 11.36** 55.00** 
vs Sg TC/S 10 5.67 3.51 42.79** 21.42** 31.27 
TC/S 240 10.59** 2.84** 13.99** 8.03** 50.38** 
S^ lines/S (Lj^/S) 40 9.51* 2.27 20.73 7.80 39.89* 
Testers (T) 4 80.96* 3.61 61.15 42.40 796.40** 
T X  S 36 9.74 3.28 15.80 8.83 43.94 
X  T/S 160 9.30** 2.86** 10.72 7.05 35.71** 
Sg GC/S 240 17.74** 2.56 35.94** 14.29** 60.72** 
Sg lines/S (Lg/S) 40 17.97** 2.75* 47.30** 25.00** 87.44** 
Testers (T) 4 87.97* 6.27 187.38* 72.35* 779.71** 
T X  S 36 28.94** 1.84 32.72 8.96 60.44* 
Lg X  T/S 160 13.40** 2.61 30.03** 11.29** 35.33** 
Pooled error 490 6.39 2.65 15.00 7.91 27.82 
Mean 0.87 0.29 2.00 1.24 3.75 
C.V. 289.33 547.86 193.04 226.74 140.36 
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Table A6. Analysis of variance for silking date for 50 S. 
and Sg entries included in 10 sets in each en­
vironment 
Source of 
variation 
Environments 
76058 78062 78063 
Sets (S) 32.76 42.37 36.34 
Replications/S 2.73 5.21 2.56 
Entries/S 7.24 10.49 5.69 
vs Sg TC/S 13.89 13.34 5.32 
S^ TC/S 6.32 6.42 4.58 
lines/S (L^/S) 11.80 11.32 7.83 
Testers (T) 113.64 157.58 60.92 
T X  S 5.27 2.05 2.28 
X  T/S 2.49 2.39 2.87 
Sg TC/S 7.88 14.44 6.84 
Sg lines/S (Lg/S) 19.89 20.49 10.06 
Testers (T) 119.63 163.92 71.99 
T X  S 3.29 9.80 8.96 
Lg X  T/S 3.11 10.24 3.85 
Pooled error 1.84 5.73 3.51 
Mean 24.38 21.99 26.58 
C.V. 5.56 10.89 7.05 
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Table A7. Means of six traits obtained for 500 testcrosses evaluated 
in five environments during 1976 and 1978 
GRAIN ROOT STALK DROP 
b YIELD S ILKING MOISTURE LODGING LODGING EARS 
ENTRY (Q/HA) DATE (%) (X) ( %) (%) 
1101 48.11 27.33 19.41 5.04 18.39 0.71 
1 102 55.62 27.33 18.73 8.69 8.02 1.21 
1 103 57. 25 23.00 18.59 3.05 25.55 1.80 
1 104 54.81 25.83 19.11 4.89 13.81 0. 59 
1 105 49.08 25.1 7 18.70 7.39 9.39 1.80 
1 106 65.95 24.33 18.60 9.56 17.90 0.67 
1 107 55.84 26.33 20.29 3.13 18.27 3, 75 
1 108 58. 12 26.67 1 7.57 1.25 13.37 1.76 
1109 60.94 25.67 18.14 12.03 18.65 1.21 
1110 57.48 24.6 7 19.51 9.47 20.76 0.59 
1111 65.49 27.33 20.03 3.87 8.76 1.29 
1112 57.24 28.50 21.67 8.40 9.69 0.59 
1113 59. 10 26.17 19.43 0 .67 12.35 1.18 
1114 56.52 26.50 21.31 3.89 19.16 0.63 
1115 69.22 25.33 18.33 4.55 19.37 0.00 
1 116 61.58 27.17 21 .29 8.05 18.73 0.00 
1117 62.66 25.33 20.87 11.69 29.86 3.64 
1118 63.64 26.6 7 21.30 7.17 19.08 1.80 
1119 55. 14 24.83 18.54 3.75 31.05 1.84 
1 120 44. 65 28.67 22.00 7.53 8.23 1.98 
1121 51.38 26.17 21.91 3.57 11.40 0.00 
1 122 53. 76 26.17 21.05 1.25 9.79 0.71 
1123 55.30 24.00 19.47 1.88 9.20 2.43 
1124 49.41 25.83 21 .76 6.27 10 .77 2.39 
1125 64.99 23.67 20.93 2.05 21.94 0.67 
1126 59.82 26.33 19.73 6.28 21.07 0.00 
1 127 49.23 26.6 7 19.19 10.09 15.80 5.12 
1128 61.53 26.17 20.70 5.55 19.89 0.67 
1129 67.48 27.83 20.98 9.68 16.24 0.59 
1 130 53.83 28.50 21.56 20.58 13.03 0.00 
1 131 57.37 25.17 19.09 8.23 12.50 3. 13 
1 132 66.71 25.00 20.15 5.30 7.76 1.80 
1 133 57.40 26.33 19.54 3.77 27.80 0.00 
1 134 49.93 25.33 19.37 3.01 35.92 1.14 
1 135 62.49 24.67 18.36 3.60 26.18 1.88 
1 136 58.61 27.17 21.26 4.96 11 .20 0.63 
1 137 59.13 24.67 20.14 2.50 24.01 0.00 
1 138 67.31 26.33 21.63 13.45 16.82 1.18 
1 139 61.07 26.67 21 .27 6.15 7.88 0.00 
1140 60.67 22.17 20.52 7.39 15.94 1.25 
1 141 53.71 26.00 20.88 3.21 12.76 2.35 
1 142 61.49 27.17 20.11 3.84 6.59 0.00 
1 143 55.24 25.50 20.84 4.34 8.90 0.59 
1 144 65.05 24.67 20.87 5.04 14.13 1.30 
1145 52.92 24.17 19.82 2.51 10.47 1.29 
1 146 55.28 25.67 21.40 5.01 8.31 1.39 
I 147 57.24 24.00 19.71 9.23 8.36 0.00 
1148 55.63 26.6 7 18.52 4.76 18.21 1.93 
1 149 55.15 26.17 19.57 4.31 13.30 0.67 
1 ISO 58.01 25.67 20.06 8.53 7.82 2.84 
^Silking date obtained from only three environments. 
^First digit from the left refers to the inbreeding level of the lines: 
1=8], and 2=Sg; the second digit from the left refers to the tester number; 
l=BSSSfCO), Z-BS13(S)C1, 3»BSSS(C0)-222, 4-B73, and 5=Mol7; the last two 
digits refer to the line number. 
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Table A7. (Continued) 
GRAIN ROOT STALK DROP 
YIELD SILKING MOISTURE LODGING LODGING EARS 
ENTRY (0/HA) DATE (%) f %} (%) (X) 
1201 63.56 23.33 19.36 14.21 14.17 1.76 
1202 73.20 24.33 20.10 1 2.18 22.72 0.00 
1203 62. 17 23.00 17.54 13.76 11 .13 0.00 
1204 69.98 24.00 19.03 6.58 10 .81 0.63 
1 20 5 70.88 24.17 18.83 1 1.65 8.35 0.00 
1 206 68.56 23.17 17.52 7.63 15.92 0.56 
1207 72.63 23.67 18.32 1 .80 15.24 1.25 
1 208 65.71 25.00 18.00 5.76 10.55 0.59 
120 y 69.00 23.17 17.20 6.32 21.36 0.71 
1210 72.50 24.83 1 8.88 3.01 23.58 0.59 
1211 72.67 25.33 18.94 7.26 21 .53 0.67 
1212 67.29 27.00 19.59 8.28 14.93 2.39 
1213 71.09 26.83 20.55 3.64 13.27 0.59 
1 214 68.43 24.67 20.38 1 .76 10.56 1.18 
1 215 66. 13 25.50 18.86 3.77 27.72 0.63 
1216 72.71 23.83 20.50 3.57 19.78 0.00 
1217 70.95 24.67 19.31 4.27 22.35 0.59 
1213 70.35 25.83 21 .07 3.44 17.42 0.00 
1 219 68.04 24.33 18.69 2.51 13.63 0.59 
1220 58.13 27.83 20.30 8.46 11 .68 2.66 
1221 72. 35 23.50 20. 15 7.85 16.93 0.00 
1222 70.88 25.67 23.02 3.05 8.08 1.27 
1223 64.17 23.67 18.77 7.13 14.97 0.00 
1224 67.17 25.17 22. 28 11.00 8.43 0.00 
1225 74.53 24.00 19.87 5.52 14.83 0.00 
1226 62.37 23.83 18.11 7.12 24.75 1.25 
1 227 63. 34 24.50 18.78 6.76 25.55 0.56 
1228 64.51 24.00 20.08 5.63 15.46 0.63 
1229 77.74 25.67 20.67 16.57 9.15 2.10 
1230 68.61 26.33 20.49 7.92 12.90 0.63 
1231 71.70 24.33 18.91 7.27 5.53 1.84 
1 232 68.51 25.33 18.68 9.27 8.68 1.25 
1233 66.38 25.00 18.75 9.92 19.54 0.59 
1 234 63.77 24.00 17.73 6.07 29.93 0.00 
1 235 67.62 23.50 17.70 1.18 19.12 1.84 
1236 74.02 25.67 20.88 1.84 18.29 1.25 
1237 73. 14 24.00 19.46 7.43 13.76 0.00 
1238 75.78 24.83 21.79 10.67 10.77 0.00 
1239 69.82 24.67 20.70 3.14 5.54 0.63 
1 240 71.39 23.83 18.82 4.38 7.73 0.63 
1 241 68.89 24.50 21 .05 1 .88 8.38 0.59 
1242 71 .60 24.50 20.18 2.85 20.20 0.00 
1243 72. 14 24.17 20.28 4.30 9.74 0.59 
1244 77.92 24.83 20.95 10.15 14.88 1.14 
1245 58.62 23.30 20.41 12.39 4.30 0.00 
1 246 77.51 24.67 20.50 11.40 6.65 1.84 
1 247 70.62 23.33 19.48 5.49 11 .31 0.00 
1248 73.73 22.33 18.30 3.93 10.78 0.00 
1 249 73.32 24.17 1 8.04 4.31 10.07 0.00 
1250 69.84 23.00 17.95 6.16 9.86 0.00 
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Table A7. (Continued) 
GRAIN ROOT STALK DROP 
YIELD S ILK ING MOISTURE LODGING LODGING EARS 
ENTHY (Q/HA) DATE (%) (X) ( X) (%) 
1301 60*86 25.1 7 18.85 1.88 17.36 2.94 
1302 54.45 25.00 17.22 1.76 16.51 1.18 
1303 53.11 22.83 16.52 3.10 19.13 2.35 
1 304 56.68 22.17 17.05 1 .18 12.54 3.0 1 
1 305 58.99 24.33 16.73 0.59 13.88 8.95 
1306 61.89 22.83 16.91 2.50 17.53 0.00 
1 30 7 66.18 23.50 17.01 0 .00 20 .92 4.91 
130 a 59.72 26.83 17. 15 0.00 10.93 1.76 
1 309 58.42 24.00 16.66 1.97 11.97 1.18 
1310 62.75 25.50 17.13 7.25 18.02 1.80 
1311 77.91 25.33 17.74 2.35 8.06 2.43 
1312 54.04 27.00 17.57 0.67 16.17 1.92 
1313 68.07 24. 1 7 17.77 0.56 10.70 1.39 
1314 58.06 24.67 18.31 0.00 13.68 2.50 
1315 55.70 23.33 16.56 1.25 27.46 0.00 
1316 57.33 24.33 17.80 2.62 13.48 3.53 
1317 56.97 23.00 16.93 4.18 29.30 4. 85 
1318 54.24 22.33 16.20 1 .25 28.35 1.80 
1319 54.02 24.83 18.86 1.76 22.77 0.63 
1320 58.96 25.83 18.31 3.18 7.09 9.10 
1321 62.80 24.83 18.64 1.34 15.00 0.67 
1322 67.60 26.50 19.67 1 .18 7. 13 0.00 
1323 53.92 22.50 17.21 0.00 11 .39 3.61 
1 324 56.21 23.33 18.97 1.25 18.72 2.29 
1325 62.73 24.17 18.83 2.29 11.58 0.59 
1326 50.11 23.50 17.44 1 .88 20 .87 0.00 
1327 52.90 24.83 17.43 5.09 20.39 2.54 
1328 62.58 23.25 18.43 1.19 17.68 5.23 
1329 59.92 25.17 19.00 6.58 15.11 4.24 
1330 60.18 26.67 19.59 6.39 10.64 1.76 
1 331 62.54 24.33 18.76 2.46 10 .48 4.51 
1332 60.52 25.17 18.14 0.59 11 .54 1.80 
1333 59.40 26.50 18.81 2.50 15.96 8.35 
1334 56.93 23.83 1 7.59 4.17 28.23 1.33 
1335 58.24 24.50 18.25 5.42 18.67 3.72 
1336 69.98 23.83 19.00 0.00 11.70 5.52 
1337 50.43 22.67 1 7.58 4.30 20.66 0.63 
1338 70.51 24.17 1 9.07 4.30 13.98 2.39 
1339 63.37 23.50 18.34 2.58 15.41 1.18 
1340 60.83 24.00 1 7.87 1.18 13.35 3.60 
1341 62.11 24 .67 18.28 4.93 9.69 4.90 
1342 64.43 24.00 18.59 0.00 13.32 2.84 
1343 65.01 23.83 19.01 1.34 13.79 0.59 
1344 72.63 23.17 17.80 4.96 15.69 2.29 
1 345 56.48 22.83 1 9.47 1 .18 14.22 3.09 
1 346 59.12 23.83 19.00 4.99 4.91 1.18 
1 347 61.81 24.00 17.99 1 .84 6.70 1.18 
1348 62.39 26.83 16.56 0.00 9.83 0.59 
1349 59.46 25.50 16.73 0.59 15.59 0.00 
1 350 62.88 23.00 1 7.43 1 .25 7.32 1.2 1 
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Table A7. (Continued) 
GRAIN ROOT STALK DROP 
YIELD SILKING MOISTURE LODGING LODGING EARS 
ENTRY (Q/HA) DATE (%) (X) (X) CX> 
1 401 72. 17 23.00 18.72 3.01 11 .40 0.00 
1402 72.88 24.50 19.55 1.92 5.48 0.00 
1 403 74.02 21.33 17.91 3.27 11 .80 0.56 
1404 75.40 22.17 18.97 4.12 4.15 0.59 
1 405 67.87 22.67 18.38 5.41 1 .83 0.71 
1 406 72.20 22.00 18.03 14.48 10.77 0.00 
1 407 69.37 22.50 18.94 4.85 6.65 0.63 
1 408 71.18 24.50 16.94 1 .76 6.74 0.00 
1409 70.74 23.33 17.64 6.14 7.90 1.25 
1410 69.54 24.17 18.62 3.05 10.22 1.18 
1411 78.59 23.1 7 1 7.63 8.27 10 .68 0.59 
1412 74.44 24.17 18.20 7.24 6.73 1.84 
1413 75.26 23.67 18.87 2.63 7.06 1.92 
1414 68.55 23.67 20.19 4.21 12.61 1.76 
1 415 74.19 23.17 18.02 1.88 8.69 0.00 
1 416 72.04 22.50 21.08 4.82 4.78 0.59 
1417 73.94 22.17 18.87 3.09 14.78 1.76 
1418 73.19 23.33 19.56 5.99 11 .60 1.21 
1 419 72.65 21 .83 18.00 2.10 8.74 0.67 
1420 75.77 26.83 20.63 6.59 8.91 1.29 
1421 83.47 22.83 20.20 0.63 4.15 0.00 
1422 73.08 24.50 20.91 6.21 1.80 0.59 
1423 71.96 21.83 18.50 1.18 13.53 0.59 
1424 66.31 24.17 20.67 1 .18 5.44 0.00 
1425 79.70 22.1 7 19. 82 4.74 6.63 0.00 
1426 69.48 23.17 18.06 7.49 16.48 0.00 
1427 67. 19 23.67 19.29 3.97 18.12 0.59 
1 428 67.98 23.00 20.01 3.39 12.30 5. 12 
1429 79.18 23.1 7 19.93 3.18 7.34 0.00 
1 430 69.98 24. 17 20.69 7.98 7.03 0.59 
1431 74.81 24.33 20.35 2.77 8.39 1.92 
1 432 67.80 23.67 17.39 3.33 10.89 0.71 
1433 72. 71 23.50 18.48 1 1.73 10.53 0.63 
1434 71.92 22.83 1 8.00 2.48 16.54 0.59 
1435 66.15 23.83 17.13 3.18 8.07 0.63 
1 436 80.44 24.33 1 9. 83 3.37 4.10 0.00 
1 437 72. 75 23.17 19.53 7.98 1 .92 0.00 
1438 78.13 23.67 20.21 13.01 8.47 0.59 
1439 70.39 23.67 20.90 3.75 6.03 0.63 
1440 74.50 23.1 7 19.78 4.89 8.91 2.39 
1 441 71.76 24.1 7 20.73 3.75 5.01 2.35 
1442 77.62 23.67 19.41 3.33 7.55 0.00 
1443 72.41 22.50 18.92 1 .11 3.50 0.00 
I 444 73.03 23.17 19.06 9.99 8.08 1.84 
1 445 77.65 22.00 19.90 3.80 8.65 0.00 
1 446 76.29 23.33 19.67 13.11 3.62 0.63 
1447 69.05 21 .00 19.02 10.19 11 .22 0.63 
1 448 66.98 24.50 17.75 4.86 2.43 0.00 
1449 76.45 23.83 18.33 2.95 10.83 0.00 
1450 74.68 22.00 19.94 9.94 5.68 0.59 
Tabl. 
ENTR 
1 501 
150 2 
1 503 
1 504 
1 505 
1506 
1 507 
1 508 
1509 
1 510 
1 511 
1 512 
1 513 
1514 
1515 
1516 
1517 
1518 
1519 
1520 
1 521 
1522 
1 523 
1524 
1525 
1 526 
1527 
1 528 
1529 
1530 
1531 
1532 
1533 
1534 
1535 
1536 
1537 
1538 
1 539 
1540 
1541 
1 542 
1 543 
1544 
1545 
1546 
1547 
1548 
1 549 
1 550 
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(Continued) 
GRAIN ROOT STALK DROP 
YIELD SILKING MOISTURE LODGING LODGING EARS 
( Q / H A )  D A T E  i X i  ( % )  ( * )  
76.47 23.00 18.32 5.99 9.71 1.21 
83. as 23.50 18.64 1.88 6.55 4.26 
68. 87 21 .33 16.65 7.52 9.51 4.12 
81 .20 22.67 18.48 5.92 2.35 6.0 3 
68.95 22.83 1 7.80 15.51 6.54 1.18 
78. 77 22.50 18.16 1 2.43 9.80 0.00 
77.21 22.33 1 9.26 3.71 7.73 2.39 
72.99 23.1 7 17.58 0.00 5.43 1.11 
71.31 24.OO 17.51 5.45 2.55 1.88 
82. 19 24.00 17.50 0.00 15.04 1.92 
78.61 23.33 17.72 0.59 9.26 2.95 
72.30 24.00 1 7.47 2.41 12.83 1.41 
73. 76 22.83 18.41 6. 18 7.42 2.35 
83.39 22.83 19.49 0.00 5.51 1.95 
78. 13 22.67 17.90 2.58 13 .80 0.00 
88.74 23.83 19.86 4.34 8.93 2.39 
76.38 22.67 16.21 0.00 7.60 7.83 
77.98 24.1 7 19.67 13.04 19.77 4.67 
79.07 22.17 18.25 0.00 10.08 5.92 
66.54 25.83 18.88 4.93 4.27 9.75 
76.33 23.33 20.20 5.63 5.85 1.80 
73.43 23.33 20. 14 0.67 3. 72 0.00 
67.15 22.50 18.53 0.63 17.16 2.52 
61.21 25.83 19.42 4.26 7.24 2.98 
86.11 23.17 21.73 4.64 10.84 3.08 
77.46 22.50 17.89 3.88 12.70 1.84 
78.10 24.33 18.02 3.09 7.07 3.48 
84.43 25.6 7 19.17 7.13 9.70 2.61 
91.87 24.33 20.48 8.53 7.84 3.05 
74. 14 24.83 19.30 8.55 9.53 2.39 
77.20 24.1 7 18.57 2.02 6.79 1.18 
83.42 23.83 19.44 0.59 10.23 5.63 
76.50 23.67 18.76 5.49 14.02 3.64 
78.55 22.50 18.80 0.00 13.86 1.80 
80.27 24.00 18.04 4.50 9.51 3.73 
87.11 24.00 19.21 6.27 9.57 1.18 
93.01 24.33 20.45 0.63 5.09 2.47 
86.32 23.67 20.13 6.94 3.57 1.18 
82.86 23.33 20.80 2.32 5.40 1.73 
83.03 24. 17 18.87 3.83 7.73 0.56 
70.64 25.00 19.13 12.66 6.48 1.76 
80.25 22.17 18.43 2.50 8.97 1 .25 
78. 70 23.50 19.36 16.48 4.86 0.59 
75.47 22.83 19.95 3.75 7.48 3.57 
81.54 23.50 20.90 0.67 3.29 1.88 
68. 16 24.33 19.47 2.01 4.85 2.67 
73.75 23.83 18.80 6.76 7.80 1.77 
79.74 23.33 16.43 1.21 8.61 2.58 
71.40 23.17 15.94 8.95 13.03 0.59 
71.16 21 .33 1 7.39 3.35 3.98 3.64 
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Table A7. (Continued) 
YIELD 
GRAIN ROOT STALK DROP 
SILKING MOISTURE LODGING LODGING EARS 
ENTRY < Q/HA) DATE <X) i x i  (X) (%1 
2101 48.03 25.00 18.82 10.07 20 .24 1.92 
2102 60.46 26.83 18.99 7.95 19.31 1 .84 
2103 62.78 27.17 19.22 6.22 22.22 3. 75 
2104 47.20 27.17 19.93 1.21 8.17 0.00 
2105 48.01 25.67 19.19 5.63 14.73 1.81 
2106 59.13 24.1 7 18.40 1 2.55 8.25 1.21 
2107 59.00 27.50 19.31 7.29 26.00 2.4 7 
2108 58.53 27.67 18.31 7.72 15.24 2.98 
2109 61.68 27.67 19.67 1 .88 21 .65 0.59 
2110 64.21 23.83 18.43 4.28 24.60 1.93 
2111 68.66 29.00 20.70 10.74 15.20 1.29 
2112 57.63 29.17 18.74 0.00 17.72 0.59 
2113 57.66 24.17 18.77 2.35 16.03 0.00 
2114 51.38 25.67 21.01 1 .88 22.16 0.00 
2115 53.87 25.33 20.92 4.34 15.13 3.89 
2116 58.67 26.33 20.74 2.40 12.86 2.64 
2117 64.55 23.17 20.04 5.80 20 .31 2.43 
2118 43.00 28.50 19.80 0.67 28.47 0.59 
2119 49.11 28.00 18.31 1 .92 21 .80 0.00 
2120 50.74 2 7.50 1 9.47 8.11 6.43 2.55 
2121 51.76 25.67 20.94 2.00 15.60 0.67 
2122 43.23 29.17 22.78 0.00 13.18 0.63 
2123 53.45 27.50 23.81 9.92 13.51 0.00 
2124 47.24 23.50 21 .89 3.57 15.10 2.57 
2125 51.53 26.33 21.85 6.96 11 .46 2.58 
2126 57.71 25.83 19.75 8.06 16.37 2.0 5 
2127 61.23 23.67 22.19 14.52 23.91 3.32 
2128 59. 1 1 26.50 20.14 2.00 25.01 6.67 
2129 59.53 30.50 22.84 6.08 14.68 0.00 
2130 39.32 24.67 21 .39 7.06 2.47 0.00 
2131 64. 91 26. 17 21.84 4.96 9.49 3. 13 
2132 66.09 27.00 20.38 6.18 9.15 1.18 
2133 62.33 27.50 21 .01 7.86 14.58 1.89 
2134 55.40 26.67 19.04 4.34 17.25 0.00 
2135 54.31 28.00 18.63 0.71 7.92 0.0 0 
2136 49.11 23.1 7 20.74 0.59 10.73 1.81 
2137 61.23 24.67 18.28 3.89 9.31 0.59 
2138 47.71 26.50 18.57 7.05 7.45 0.59 
2139 68.91 26.50 22.61 7.05 7.99 0.00 
2140 66.03 26.33 21.09 5.96 10.35 0.59 
2141 62.50 23.50 18.73 5.52 16.38 0.67 
2142 58.59 23. 17 20.02 1 .81 22.49 0.63 
2143 69.92 22.17 20.51 2.75 13.56 1.25 
2144 61.01 25.33 20.69 5.05 10 .76 0.67 
2145 55.31 25.00 20.41 15.02 16.04 2.43 
2146 73.75 25.17 20.15 8.05 5.96 0.00 
2147 53.41 25.33 21.82 5.52 9.57 2.32 
2148 56.11 25.67 20.86 18.46 18.88 0.63 
2149 46.23 27.83 20.34 0.00 8.01 0.00 
2150 65.55 23.50 19.44 17.57 10.83 2.43 
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Table A7. (Continued) 
GRAIN ROOT STALK DROP 
YIELD SILKING MOISTURE LODGING LODGING EARS 
ENTRY (Q/HA) DATE (X) (X) (X) (X> 
2201 64. 19 23.33 1 8.79 16.20 8.55 0.00 
2202 71.09 23.67 18.62 1 0.77 17.74 0.59 
2293 68.70 24.67 19.18 1 8.50 22.04 0.63 
2204 73.09 25.83 19.58 1.21 13.90 0.59 
220 5 60.38 23.83 18.25 7.60 8.49 1.29 
2206 64.00 23.1 7 18.18 2.53 7.91 0.00 
2207 70.16 25.67 18.57 1.21 15.70 2.39 
2208 75.66 25.50 17.43 4.34 12.20 0.59 
22C9 63.47 25.50 18.14 2.51 12.99 0.63 
2210 65.83 21 .83 17.62 1 .25 25.96 0.00 
2211 75.21 26.00 19.89 1 3.29 13.93 0.59 
2212 63.72 25.00 18.37 0.63 15.92 1.33 
2213 58.62 22.50 19.62 0 .00 7.69 0.00 
2214 64.40 24.33 19.67 0.00 15.62 0.00 
2215 61.51 25.17 20.52 0.67 20.98 0.77 
2216 67.61 25.00 21.07 9.38 12.44 1.92 
221 7 66.90 22.83 1 9.89 3.60 14.31 1.83 
221 8 64.72 23.50 1 7.98 0 .63 25.03 1.70 
2219 69. 16 24.67 17.76 3.33 29.68 0.00 
2220 62.42 25.83 19.70 6.38 7.48 1.88 
2 221 64.86 23.33 1 9.05 2.55 8.53 0.0 0 
2222 61.82 26.83 24.09 9.12 8.50 0.00 
2223 66.55 23.67 22.99 7.06 16.22 1.96 
2224 73.56 23.50 19.90 4.30 18.90 0.63 
2225 78.02 24.50 20.88 8.21 9.83 1.11 
2226 59.91 23.50 18.56 1 .25 28.66 1.34 
2227 77.86 25.17 18.92 8.62 28.04 0.00 
2228 74.07 25.50 20.49 1 .25 25. 72 1.88 
2229 64. 70 29.83 24.19 5.61 15.49 0.00 
2230 51.57 28.17 1 9.46 4.19 1 .21 0.00 
2231 66.51 24.17 18.92 2.52 9.33 0.56 
2232 75. 10 24 . 33 18.54 6.63 7.18 3. 13 
2233 69.27 26 .67 20.13 6.09 14.88 0.00 
2234 66.02 24.50 18.57 6.00 22.42 0.63 
2235 57.57 25.67 1 7.55 6.65 a. 73 0.59 
2236 72.83 24.33 19.94 4.67 11 .28 0.00 
2237 72.04 23.17 19.25 9.50 10.91 0.00 
2238 71.34 23.83 18.75 10.48 8.42 0.00 
2239 77.0 1 25.33 21 .55 7.46 10.90 0.56 
2240 74.39 26.50 20.03 9.05 18 .10 0.59 
224 1 70.90 21.50 18.26 20.54 25.56 1.76 
2242 62.73 24.67 19.49 6.92 22.58 0.00 
2243 81.41 23.00 19.90 3.86 4.12 0.00 
2244 68.63 23.50 18.62 4.20 7.77 0.59 
2245 61 .43 23.67 19.45 9.19 7.51 0.00 
2246 76.59 23.33 1 9.68 6.65 6.67 0.63 
2247 65.84 24.33 20.28 4.48 7.62 0.67 
2248 81.51 24.1 7 19.63 22.1 1 25.33 0.00 
2249 56. 19 25.00 18.94 7.00 3.64 0.00 
2250 72.10 22.67 18.78 13.62 9.97 0.67 
149 
Table À7. (Continued) 
GRAIN ROOT STALK DROP 
YIELD SILKING MOISTURE LODGING LODGING EARS 
ENTRY (Q/HA) DATE ( X )  (%) fX) (X) 
2301 58.52 21 .67 17.89 4.12 21 .28 0.00 
230 2 59.0 8 25.33 16.15 4.42 21.33 1.84 
2303 60.14 23.50 16.62 8.18 24.24 4.99 
2304 54.01 25.83 18.50 2.01 10.69 0.63 
2305 45.43 24.50 15.62 0.00 21 .31 1.30 
2306 68.22 23.50 16.70 1 .33 2.43 1.36 
230 7 56.87 25.50 16.70 0.00 30.02 7.69 
2308 65.55 24.83 17.06 1.14 10.26 6.82 
2309 63.81 24.50 16.91 0 .63 17.61 2.94 
2310 51.78 22.00 16.10 6.50 31 . 15 0.83 
2311 71.65 27.33 18.64 4.75 13.93 2.92 
2312 48.42 28.67 16.51 0.63 10.89 3.27 
2313 50.58 22.1)0 18.21 1.25 17. 18 0.63 
2314 52.63 25.00 17.98 0.00 14.55 1.83 
231 5 53.70 25.1 7 18.81 0.59 15.06 4.03 
2316 52.27 24.67 17.92 0.00 12.37 9.29 
2317 63.33 22.50 18.36 0.00 10 .39 1.76 
2318 50.95 25.33 16.59 1 .50 27.31 1.11 
2319 56.36 25.83 1 7.45 0.59 38.40 1.29 
2320 55.40 23.83 18.85 2.00 2.35 4.67 
2321 56.50 23.67 17.98 0.00 8.48 0.59 
2322 61.97 26.17 22.16 0.77 7.06 1.21 
2323 50.21 22.00 18.91 0.00 38.64 1.21 
2324 57.79 22.00 1 7.30 4.55 16.96 4.30 
2325 67.54 22.67 18.60 1 .33 14.03 0.00 
2 326 61.82 23.83 1 8.87 2.75 21 .83 5.88 
2327 54.44 23.75 17.87 4.65 21 .08 0.93 
2328 55.34 24.33 17.64 1.88 33.58 1.23 
2329 57.27 27.25 21.51 0.00 16.70 1.14 
2330 49.43 28.17 18.34 1 .80 3.71 0.00 
2331 62.94 25.17 1 7.75 2.98 6.03 8.68 
2332 61 .32 24.33 18.89 0.00 7.33 15.76 
2333 60.73 25.33 17.98 3.60 13.11 4.94 
2334 51.02 24.33 16.99 3.75 16.92 6.84 
2335 55.65 24.67 18.01 0.63 13.95 3.06 
2336 64.67 23.50 18.44 1 .76 7.83 4.08 
2337 55. 14 23.00 16.00 o.oo 6.43 0.00 
2338 70.40 24.17 18.89 6.70 9.63 1.21 
2339 64.63 23.50 19.57 1.84 18.13 0.59 
2340 65.83 25.67 18.29 0.56 14.90 2.36 
2341 67.59 23.83 16.69 6.04 20.61 1.76 
2342 52.53 23.00 16.56 0.63 18.33 0.00 
2343 70.92 24.00 20.05 5.53 8.07 1.80 
2344 68.42 23.50 17.14 1.84 17.39 5.44 
2345 61.70 21.83 17.97 4.47 16.22 0.67 
2346 74.82 22.50 18.32 4.30 4.19 2.61 
2347 46.41 22.67 17.59 0.00 3.57 3.13 
2348 63.90 24.17 18.31 5.63 14.42 4.75 
2349 48.63 25.50 1 7.86 2.00 5.64 0.63 
2350 65.95 22.83 18.29 1.70 10.23 3.86 
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Table A7. (Continued) 
GRAIN ROOT STALK DROP 
YIELD SILKING MOISTURE LODGING LODGING EARS 
ENTRY (U/HA) DATE (XI ( X )  (%) (%l 
2401 64.60 22.33 1 8.31 10.93 5.99 0.00 
240 2 68.78 24.00 18.27 5.49 10.34 0.63 
2403 80.22 22.83 1 8.57 13.30 9.19 0.63 
2404 74.67 23.50 20.50 2.37 7.10 0.59 
2405 63.92 22.17 18.15 3.60 6.52 0.00 
2 40 6 67.05 21.50 1 7.66 6.02 9.35 0.00 
2 40 7 79.52 23.83 17.96 5.63 11 .36 0.00 
2406 79.53 23.33 16.56 14.58 15.09 2.94 
2409 75.73 24.50 1 7.61 1 .25 5.44 0.59 
2410 65. 19 21 .83 16.90 0.00 23.65 1.25 
241 1 79.15 25.00 20.80 5.12 0 .98 0.98 
2412 68.94 24.00 16.86 4.41 11 .14 1.18 
2413 56.89 22.00 18.20 1 .76 3.13 0.00 
2414 72.48 23.00 1 9.00 0.59 10.55 0.00 
2415 66.03 23.83 1 9.83 10.28 9.76 1.30 
2416 64.88 23.33 21.44 8.00 4.71 0.59 
241 7 72. 18 21.33 20.12 3.72 9.63 0.00 
2418 68.31 22.6 7 18.65 3.13 13.98 0.59 
2419 65. 76 22.83 1 7.58 2.43 24.53 0.00 
2420 69.04 24.25 21.17 7.84 0.00 0.96 
2421 66.46 23.1 7 18.53 0.00 2.35 0.00 
2422 75.58 24.67 23.62 15.55 6.47 0.00 
2423 73.03 22.67 22.84 4.03 11 .47 2.32 
2 42 4 78.27 22.50 19.92 8.45 12.58 0.00 
2425 80.16 22.50 20.37 4.89 4.43 0.00 
2426 77.14 22.83 18.19 7.06 19.02 0.00 
2427 72.41 25.33 19.00 4.50 14.04 1.21 
2428 66.21 23.50 1 7.40 4.26 12.06 1.21 
2429 74.97 28.90 20.99 1 .84 6.71 0.67 
2430 56.27 26.50 19. 14 3.75 0.67 0.0 0 
2 431 70.90 25.50 19.95 6.26 1 .80 5.40 
2432 70.15 24.50 19.90 3.30 10.50 1 .43 
2433 72.26 24.17 19.47 2.47 5.63 1.1 8 
2434 77.32 23.00 18.41 12.74 9.55 0.00 
2435 56.27 24.1 7 1 7.82 0.59 5.27 3.32 
2436 63.55 23.67 1 9.73 3.88 8.06 0.56 
2437 65.18 22.17 19.47 2.16 2.50 0.00 
2438 72.34 24.00 18.62 4.16 2.29 1.14 
2439 76.05 24.33 22.10 5. 17 4.23 0.00 
2440 80.59 24.63 21 .73 1 .88 12.71 0 .00 
2441 78.26 21.50 1 7.68 11.00 21 .22 1.16 
2442 62.39 21 .50 18.71 0.00 2.30 1.14 
2443 82. 12 22.6 7 19.96 7.22 6.04 0.00 
2444 71.03 23.1 7 18.90 0.59 2.43 0.53 
2445 77.33 22.67 20.23 6.15 9.32 1.25 
2446 76.43 22.67 20.04 10.54 3.26 0.59 
2447 72.24 22.67 19.18 3.13 8.02 0.63 
2448 67.82 22.6 7 19.85 7.50 5.40 0.00 
2449 71.09 24.00 1 9.09 0.59 2.88 1.18 
2450 71 .36 22.1 7 19.25 9.45 7.84 1.1 6 
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Table A7. (Continued) 
YIELD 
GRAIN ROOT STALK DROP 
ENTRY 
SILKING MOISTURE LODGING LODGING EARS (Q/HA) DATE (Xi ( X )  ( X )  (X) 
2501 73.95 23.1 7 19.28 20.04 8.43 2.35 
2502 79.71 22.67 1 7.22 2.94 6.76 1.18 
2503 78.69 22.00 17.05 3.13 6.33 4.93 
2504 75.15 24.00 20.15 3.32 2.94 3.69 
2506 75.48 23.3 0 17.66 2.50 9.25 1 .80 
2506 67.68 22.00 17.08 5.18 2.52 0.59 
250 7 76.02 22.83 19.22 0.67 17.47 4.39 
2508 82.04 24. 17 17.56 2.67 13.01 7.31 
2509 73.24 24.50 18.01 0.00 8.81 1 .84 
2510 67.64 31.33 16.69 1.88 26.45 1.76 
251 1 85.64 22.50 18.89 2.41 8.34 0.00 
2512 76.26 23.00 17.61 1 .43 32 .92 0.00 
2513 71.84 22.50 18.88 2.94 7.54 0.00 
2514 75.38 22.67 19.59 3.53 12.07 0.00 
2515 85.12 24.00 19.37 5.08 5.31 5.49 
2516 79.32 24.30 19.11 0.59 6.51 3.09 
2 517 82.05 21 .83 1 8.79 9.64 10.42 7.92 
2518 73.95 23.00 16.71 1.88 16.02 0.00 
2519 71 .41 22.67 17.22 0.56 23.86 1.81 
2520 64.72 23.83 20.23 5.83 3.90 10.93 
2 521 75.34 21.83 18.37 1.84 9.60 1.84 
2522 74.36 25.67 21.12 1 0.96 2.43 2.84 
2 523 82.99 23.17 22.09 2.39 7.18 4.94 
2524 73.62 21 .83 18.84 6.27 5.37 0.59 
2525 89.94 22.33 19.57 2.50 6.58 0.63 
2 526 82.77 22.00 19.08 4.19 10.51 1.88 
2 52 7 82.52 24.83 18.93 0.00 12. 17 6.33 
2528 76.71 24 .33 18.11 4.00 10.31 0.00 
2 529 90.62 25.33 20.55 0.59 16.13 1.80 
2530 63.85 25.67 18.90 5.63 2.36 0.59 
2 531 82.37 25.33 1 9.46 1.18 3.02 4.19 
2532 76.53 24.17 19.44 1.88 4.19 11099 
2533 79.36 24.33 18.51 2.98 12.24 5.55 
2534 74.21 24.00 19.27 3.84 8.97 1.21 
2535 72.01 24.50 16.79 1.21 7.10 3.53 
2 536 90.77 24.00 20.66 1 .88 6.10 3.09 
2537 71.58 22.83 23.63 3.21 3.61 0.00 
2538 87.98 23.50 19.29 8.09 5.33 0.63 
2539 91 .12 23 . 1 7 20.20 0.59 5.40 1.18 
2540 86.92 25.50 20.03 6.70 8.86 2.35 
2S41 75.66 22.33 18.59 6.51 9.95 0.00 
2542 63.78 22.33 1 7.26 O.OO 3.60 0.00 
2543 80.94 22.6 7 18.68 0.59 8.60 0.71 
2544 73.61 24.17 19.22 1.25 4.43 2.36 
2545 76.49 22.67 19.36 1.84 12.13 1.88 
2 546 86.55 23.67 18.67 1.34 4.82 3.14 
2 547 71.98 21 .83 1 7.96 1 .33 6 .08 0.63 
2548 82.84 22.00 17.56 1 1.66 10.93 2.39 
2549 76.27 22.67 1 7. 74 1 .25 1 .33 3.69 
2550 82.25 22.17 17.37 4.15 3.07 1.18 
